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PART I, VOL. 40 
URTH] IBSERVATIONS ON EXPERIMENTAL TONI 
INFECTION OF THE CENTRAL NERVOUS SYSTEM 


| | Sue 
i \ 
; 2 | t l bia Ii¢ ! I Ve int 
j l 
| Move lisintegratea 
; 
1) N i pl phenomena 
4 | ) { 
' I 


ee 
J 
> f 
f 
- 
J 


We drew attention to the implication of the sympathetic system in 
} the abdomin perations, but did little more than hint at its rdle in the 
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causation of the cord lesions. At that stage certain conclusions were 
drawn, viz., that general paralysis and tabes dorsalis were lymphogenous 
infections; and that the non-systemic degenerative lesions found in 
cancer cachexia, pernicious anwmia, and Addison’s disease, came under 
the heading of hematogenous infections. 

In the above experiments the results of toxic action were studied 
in the spinal cord only; in the present series the researc] as been 
directed towards the brain, and the capsule containing a culture of the 
Staph YLOCOCCUS AULTEUS Was placed in contact with the ommon carotid 
artery in the neck. The experiments, though limited in number, have 
given positive results so far, and are worthy of record, as they help 
to explain the pathogenesis of certain obscure lesions of the central 
nervous system found in man. Hyaline thrombosis was found to be a 
constant result in the cords examined when the capsules were placed in 
the abdominal cavity, and we tind the same morbid change in the 
vessels of the brain when the capsule is placed against the carotid 
sheath. The lesions to be described are the direct result of this 


} 


thrombotic change, and vary in kind with the « 


local vascular supply is interfered with 
Rabbits were used for experiment We have examined three brains 


so far and have observed two types of lesion 


(1) Coagulation necrosis of the nerve cells in the cornu ammonis, 
n the cerebral cortex, and in the amygdaloid nuciteus 

2) Softening in the stratum moleculare of the cornu mimonis 

Before entering upon a description of the lesions in the cornu 
ammonis, let us look for a moment at the structure f this organ 


(he cornu ammonis of the rabbit consists of, from without inwards, 
the alveus, the stratum moleculare, the lamina ganglionaris, which here 
directly concerns us and is composed of pyramidal cells, the stratum 
radiatum, and most internal of all the lamina involuta whose tangential 
fibres surround folia of the pia-arachnoid invaginated from the mesial 
surface of the cerebral cortex 

In one case an area of about one-sixth of the circumference of the 
lamina ganglionaris showed a considerable degree of coagulation necrosis 
of the pyramidal cells. In frontal sections, stained by toluidin blue, 
the cells of the lamina ganglionaris are densely packed together. 
Normally each shows a thin cell body prolonged into an apical dendrite 
which projects into the stratum radiatum. The nucleus is relatively 
very large, is clear, round, or slightly oval: it possesses a nucleolus and 


two or three particles of chromatin. The chromophile material of 
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the cell body is in an amorphous condition; the apical process stains 
xceedingly faintly and is perceptible in the stratum radiatum for a 
short distance only. The area of the ganglionic lamina affected by 
oagulation necrosis stands out in marked relief owing to the strong 
iffinity for the aniline dye possessed by the degenerated nerve cells 
This area is sharply marked off from, and is appreciably narrowel 
than, the normal portion of either side ven with a low power the 
istortion of the altered cells is perceptible, and the sharp definition of 


the degenerated zone is strongly suggestive of local vascular occlusion. 


With higher magnification the nerve cell body and nucleus are seen to 


rn 
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i be deeply and diffusely stained ; both are shrunken and much distorted 
The axis-cylinder, which normally is scarcely distinguishable, can be 

' followed into the molecular layer, in which it 1s seen to give off numerous 

branches. The apical protoplasmic dendrite is quite prominent, 1s 
stained diffusely, at times slightly granular in appearance, and pursues 
a tortuous course into the stratum radiatum. ‘These alterations are 

, typical of the condition known as coagulation necrosis (fig. 2 

With Van Gieson’s method the degenerated area is very distinct. 


Normally the nerve cell nucleus stains a violet colour by this method 
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cells, reaction on the part of the neuroglia, and in proliferation of the 
idventitial cells of the neighbouring vessels (figs. 4 and 5 
The small round cells lie free in the tissue and possess a rounded o1 
val nucleus deeply stained and filled with chromatin The cytoplasm 
is finely granular and varies considerably in quantity. In some it forms 
very narrow band round the nucleus, in others it is In greater quantit 


placed for the most part to on de of the nucleus and is vacuolated 


il t I ( mn neurocg Li} liferation al 
hyperti ( nae ve hypert hy the nucleu 
s eniare Lne I p iS le t l reas 
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pl ] nove r 1} S ! the Llc 1 tvypx in 
betwee pre d stag luyu 
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nucleus has lergone shrinkage and stains diftuse In another type 
ff celia cell, found at the periphery of the softening, the nucleus is small, 


} dark ina ! ll led, th wn I : Li¢ nstances I Ss slender. 


rormet 


The re aqecree yt pi rerat n ot the idventitia | the spall 
} vessels in 1 minediate vicinit f the softening The adventitial 
nucleus has become rounded, reduced in size, rich in chromatin and 

; 


surrounded | finely granular protoplasmic body The adventitial 
sheath is packed with young plasma cells similar to those lying free in 
the surrounding tissues. The small venules and capillaries at a littl 
distance from this softened area show a lesser degree of adventitial 
proliferation This reaction can be followed inwards as far as the 
median portion of the fornix, laterally amongst the venules of the 


lateral ventric ind affects in a marked degree the small vessels in 
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derived from the pial system, a fact which explains the participation of 
the above-mentioned nuclei in the morbid process. 

The lesions in the brain agree anatomically with what was observed 
in the spinal cord in an earlier series of experiments on animals, when 
after the abdominal cavity had been infected by toxins the myelin was 


found degenerated round the margin of the cord and on either side of 


the postero-median septum, while the central portions ine iding the 

vrey matter remained intact Here again the degenerated element 

lay within the zone of pial supply and had suffered exclusive It 
| matter in the tw eries I expel 





he peripheral portions of the central nervous system 


subserved by branches from the pial vascular system are attected 


The morphological character of the lesions 


very clearly to a disturbance of the circulation and therefore of nut 
tion. This, in the cerebral cortex, affects a wide are ind finds its 
expression in the necrosis of nerve cells in all laminw except e deep 
multiform laver, unaccompanied howeve) b in il schiem 
indicative of e mi ple te vessel block we The evidence I muci 
more severe local nutritional disturbance is very obvious in the gat 
glionic and molecular layers of the cornu ammonis, where the 


former a short segment of nerve cells is necrosed and sharply defined 
from the normal cells on either side, and in the latter where a necrot 
softening with all the histological phenomena incidental to an infarction 


have occurred The cause of the disturbance of the circulation to be 


found in the morbid condition of the cerebral 


vessels, which are dilated, 
engorged, and show many varieties and degrees of hyaline degeneration 
of their contents 

In some vessels the corpuscles are normal or nearly so, but the 


majority show hyaline changes; and as a result of this, hyaline thron 


bosis has occurred which is recognizable in its various stages from the 
early, where the vessel is still permeable, to the late, where occlusion 
becomes inevitable. Arteries, veins, and capillaries are affected, and the 
thrombotic change, accompanied by dilatation of the perivascular and 
pericellular spaces due to oedema, is found in the vessels of the pia- 
arachnoid, the grey, and the white matter. All elements of the blood 
participate in the thrombotic process. In incomplete thrombosis the 
hyaline material, in longitudinal section, is seen lying along the side of 
the intima as two bands of varying density, each of which connects with 
the other by trabecule, so forming a network in the lumen of the 
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vessel. Within this network are many red corpuscles obviously 
hyaline, and these at times clump together to form a homogeneous 
mass. The leucocytes also undergo hyaline degeneration. ‘Their affinits 
for acid fuchsine s intensified, they lose their normal shape become 


lumped into masses in which lie numerous granules deeply stained 


with hematoxylin, and at times arranged in a fashion suggestive of a 
se-shoe We regard these granules as the remains of degenerate 
le te nucle There are many hyaline threads in the vessel 
en to wl he leu tes contribute frequently, for ! i hyali 
tiu ire fibrinous ti mi re not infrequent observer 
\\ } nt bserved these } Lline hanvges in ir expel 
ents U] Al ‘ re eviden tt tion up 


lit ind } nce s been noted by others in measles, influen 
phthe typl \ malaria, pne on nd pyoger nfectio1 
\\ I I ( LV} rt ¥ ( i esion a nd its etiect n the 
ry el el he rd it ise ol n f the head of the 
pancreas Here the resultan hier softet situated in the 
poste ( ! had been followed } in ite scending degenera 
tion of the sensorv fibres, which we traced segment | egment into the 
nucleus cuneatus and nucleus g1 s of the medu his observation 
I nical S nfirmed b lr eX] ments upon the rabbit's brain 
) ves the nte-! rtem genesis of the changes in the vessels 
} Reference has been made already to the eftects of disturbances in the 
; rculation and nutrition upon the nervous elements, and attention 
has be airecte to the different character of the lesions in the cerebral 
} : . , 
rtex and the rnu ammonis. Before attempting an explanation of this 
} difference we must in the first place look at some points in connection 
j with the vascular supply of the bran 
\ concise statement in reference to this subject will be found in an 
. rticle on hamorrhagic encephalitis by Bignami and Nazai 1 },in which 
} many important points are mentioned having a direct bearing upon ow 
research These authors have found that the lesions in the white and 


crey matter in hemorrhagic encephalitis differ very materially, and thei 
views regarding the cerebral circulation are based upon this. A sharp 
; listinction is drawn between miliary hemorrhages, which are character- 
ed by their ring-like form around a necrotic focus and by their situa- 

tion in the white matter, and the hemorrhagic infiltration which follows 

} thrombosis of the cerebral sinuses or meningeal veins. The hemorrhage 
n this latter condition is extensive, affects the grey cortex, and decreases 


from without inwards. There are no necrotic foci surrounded by a ring 
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of hemorrhage such as occur in the white matte! 
opinion of the authors both conditions are cau 
of the circulation and not by an inflammatory 
the thrombosis of the cerebi 
from stasis; in the other, bk 
i circumscribed necrosis in tl 
mimediatel\ surroul ding 
freneti mechan sn 
he r organ 


throug 


Ss some 


branches ge ott. ortical arter1 


forming a fine capillary network which th 1 the deepest cortical 


lamina. Further it appears that the short cortical arterioles anastomose 


in the depth of the grey matter with the long or medullary branches 
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[he important point to be specially noted, however, at this stage of ou 


vascular network is far richer than that 
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In the \ servations we have two types of | n which illu 
trate how the factors, degree and situatiol in pl duce dissimilat 
pathological results, although the pathogenesis is the same; and, if we 
upply this to clinical neuroiogy, it becomes apparent that certain nervou 


syndromes, though widely different in symptomatology, are path 
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genetically one and the same disease. The difference in symptomatolog) 
is in large measure due to the anatomical site ol the lesion; but the 
degree to which the nerve structures are involved is an equally 
important factor. These points are well illustrated by the implication 
of part of the pyramidal layer only of the cornu ammonis on the one 
hand, and a definite softening in its molecular layer on the othe: Both 
varieties ol morbid change ire the result of blockage of vess Is by 
hyaline thrombosis, and the picture to which this gives rise depends 
n the first place upon the distribution and calibre of the vessel 
implicated, and varies with the time which elapses between the ons¢e 


of the lesion and its examination 




















from aberrat 


losum—sometimes accompanied by absence of the forn nd ont 
such gross lesions as porencepnal\ r even absence of one hemispners ‘ 
Evidence of antecedent inflammation and vessel occlusion are f 

the brain with both naked-eye and microscopic examinati nd the 

degree of interference with de velopment and the resulting menta 
deficiency depend upon the extent of the le n and the functional 
importance of the nervous tissues involved. Our iter eXpe ments 

can be closely correlated therefore with what is known at present of 

the pathogenesis of many forms of mental deficiency, and show how 

toxic hyaline thrombosis of capillaries or even larger vessels can conti 


bute very largely in the production of nervous lesions of different degree 

he precise mechanism of production of the thrombosis is st 
obscure. Whether it is produced directly by the toxins spreading alon; 
the vessel sheaths, or more indirectly through a general intoxication, 
must remain for the present an open question; and as all vascula 
phenomena are closely connected with the sympathetic mechanism this 
must come under examination in future experiments 

We are indebted to Dr. J. L. Stephenson, of Whittingham Asylum, 


for the photographs accompanying this paper. 
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DISSOCIATION OF VISUAL PERCEPTIONS DUE TO OCCI- 
PITAL INJURIES, WITH ESPECIAL REFERENCE TO 
APPRECIATION OF MOVEMENT 


| nter S pa] I} tne 
sual d f the p t] rebrur 
} it 
I Mov nt 1 De ( n l L spe Visual } eptl 
2) Appi f r ! turi belore f I “t su 
| é f vis fo. é egins in the perip il fiel 
1) { S fields for app tion of movement are Lluable 
>) Th SSOK ns of visual | e} ure analogous to t 
nd in disturbances of somatic sensibility 1n cases of cereb njyury 
wh ch have een s ably studied DY He 1d ind Holmes 
Certain of the cases bear incidentally on the question of the cortical 
representation of the macula, and one indeed also on the cortical 
epresentation of the peripheral nes of the retina 
Visual defects are considered from the point of view of vision as 
i part of general sensation rather than a special sense; and I hope 


that my results will demonstrate that the elementary visual perceptions, 
of light, of movement, and of an object, are dissociated in a manner 
similar to the dissociation which is known to occur when sensory paths 
conducting primary somatic sensory impressions of touch, of pain, of 


temperature are interrupted Moreover, the higher and more evolved 
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visual functions concerned with the spatial orientation of objects see) 
may be affected, with the result that symptoms of faulty projection, com 
parable with the defects known to result from sensory cortical destruct 
In spatial orientation of things fe/t, are produced. My results lea 
believe that were cerebral disturbances of t] 


investigated, they too would be found to shov 


ol ge neral somatic sensatio 


That the perce} 


tions 


when the \ 


he 
unable 
McHard 
Bjerrut 


soon as the patient 
chart or the screen was marked 


distinguished at the same point, it wa 
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point till it could be clearly seen, when a record was again made on 
the chart or screen 

A l-cm. square or circular white disk was used as the test object, 

but I have satisfied myself by examining with black and with white 
lisks up to 15 cm. in diameter that, in the class of lesion with which 
ve are dealing here, the same dissociations and practically the same 
fields are got whatever the size of the test object may be, and 
vhether it be black or white, used against a black background. In 
this paper by the appreciation of a stationary object I mean the 
ippreciation of a stationary something in the visual field without any 

‘ompanying recognition of its shape. Sometimes the recognition of 
hape was simultaneous with appreciation of the mere presence of the 
tationary object The results here were variable, and show that 

vaywardness that is typical of cortical defects on the sensory side. 
the following cases those in which the evidence pointed strongly 

a cortical lesion showed this waywardness much more constantly 
in those which were more definitely subcortical. The lack of uni- 
rmity and apparent untrustworthiness of the patient in appreciating 
he shape of the object in a part of the field at one time and not 
another, in view of the physiological level of the injury, was 
ery suggestive. 

The patients have great difficulty in describing the nature of the 
vement that they see: it is so vague and shadowy. But they are 
lite sure that neither shape nor colour can be attributed to it, and that 

in be detected in a field which is entirely blind to stationary objects. 

Though in the charts that follow the respective fields appear to 
sharply marked off one from another, this is not strictly the case. 
here is no doubt that an area of variable size exists in which the 
erception of one stimulus merges into that of the other. The outlines 
the fields indicate the points at which the patient was definitely 
nscious of the respective stimull. 


Notwithstanding the admitted crudeness of the perimetric method, 


specially for the accurate recording of scotomata, I hope that the 
urts will demonstrate fairly well the point I will try to prove. 
Vhere the Bjerrum screen was used to check the results, they were 


lly corroborated 
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CHAPTER II.—DISSOCIATION BETWEEN APPRECIATION OF MOVEMENT’ 


ND RECOGNITION OF THE OBJE( 


In this series of ten cases, nine show the dissociation in the affected 


field, and one does not. They fall naturally into three groups 


Showing only Perception of Movement 
n Addition to some Pe reeptre n 


{ ] 
right oeci 
fall, and thoug 
vision at the time About 
consciousness, for he remembers nothing furthe 
Rawal Pindi General Hospital, Amara, eleven days 


He had been trepl ined, and the bullet removeu 


It was only when he was t to mbay on May 17 tl 


noticed he could not see objec is left. . used to miss pieces of meat 
on the left side of his plate but n ( lich t he co il tell lf an’ object were 


moved in his left half field 








DISSOCIATION OF VISUAL PERCEPTIONS DUE TO OCCIPITAL INJURIES 19 


Hle was evacuated for England on June 6, with no change in his vision, 

1 was admitted to the Empire Hospital on June 29, under the care of 
) Leonard Guthrie 

On roughly testing his visual fields by the finger test, I found that he 


kly perceived linger movements in the whole ol the left half field, though 


en the fingers were kept stationary he saw nothing: and, moreover, that 
field for movement compared with my own was normal. 
1.—Central vision §, right and left The fields were mapped out 
mths It Line tial of his injury, with the perime ter (test ob ect, l en 
\ 11s na e < i Ss snowe | L ce plete h n nvi us hel 
pila | ) T ( | I ul irv object na full field fon 
’ 1 ! 
t is LK n i no alte ! na s nad a hati 
Lite Lhe ! ry there was sli 1] ( mplete ibsence ol object vision in 
1 
| c's 1 
: 
Striking features of this case are 
os 7 ; 
(1) The complete dissociation of the two types of visual stimuli in 


left half field 

(2) The full field for movement 

\s will be demonstrated by the charts that follow, of cases of 
emianopic loss, where appreciation of movement returns, the recovery 
never complete, a paracentral or central scotoma remaining as an end- 
sult, to represent the amount of irreparable damage done to the visual 


} ea. The nearest approach to a scotoma I could get by repeated 


appr g 
<amination was a feebler perception of movement in a small part of 
the upper quadrant about 20° from the fixation point; but the patient 
} eclared emphatically that it was never absolutely lost. 
3) The effects of the dissociation on the patient 
This vision for movement alone introduces more difficulties into the 
) linary life of the patients than when they are totally blind in the half 
} field. The disparity between the stimuli received from the two halves 
the retina is frequently sufficient to affect their equilibrium in 
ulking. They tend usually to sway to the partially blind side, though 
I the cases | have seen the disability has never been sufficient to 
\ ike them actually fall. This disturbance is of course most notice- 
ble where the full half field is affected 
| Apart from the effect on equilibrium, the inequality of the sensa- 
} ns received by the brain is often a source of considerable annoyance 
: the patient. In Case 1, for example, the patient, when travelling by 


iin, could see nothing but vague movements on looking out of the 
windows on his left; but he could read the names of the stations, and 
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appreciate the scenery from the windows on his right. It is so dis- 
concerting to him that now he thoroughly dislikes train journeys. As 
he explained, the consciousness of ** something moving” kept up a con- 
tinual desire to turn the head to see what it was, and the gratification 
of the desire only resulted in annoyance at being tricked again. 

The “moving things’ have no distinct shape, and the nearest 
approach to colour that can be attributed to them is a shadowy grey 


Case 2.—Second-Lieut. W. was wounded on February 9, 1916, by a piec« 


of bomb easing, in the occiput. Though he could see from the beginning he 
knew his sight was affected. He had photophobia, but no abnormal subjective 
visual sensations. At the Casualty Clearing Station an operation was performed 
the same day. The Medical Officer there reported 

homonymous hemianopia on admission, and tl 


anopla had lessened 


LEFT 


Major Austin, at No. 2 Red Cross Hospital, Rouen 
was associated with the hemianopia. The loss of vi in the half field was 
complete on March 12. 

He was admitted to the Empire Hospital on March 17, under the care of 
Dr. Head, and the following fields were recorded a few days after, and six 


weeks after the date of the injury. 
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Fig. 2.—Central vision ,; indistinctly right, and {| left. The fields { 


the two eves differ considerably, but in both the perceptions of object an 


movement are dissociated. The dissimilarity of the two fields made tl 
observer doubt the accuracy of his observations, but a second record made « 
the fields was very similar One notes the dissociation is greatest 
horizontal plane, where most vision is retained 

At the time the next charts were taken, two months later, the pati 
declared that when he was walking in the street he could see ~ sometl 
moving” for a moment, as people passed him from behind and on his left. H 
lost it as they got just in front of him, and then it reappeared again as 
approached his central vision. The moving somethin rudd ne er form 1 
colou It gave him the impression of a shad 

hig a. The perimetric charts conhirmed this, | showe i only t 
left eye perceived novement pel pl erally, pract Cc Ll VY no él nve bein ed 
his right field. Moreover, peripheral vision in the left eye was not comple 
being deficient in the upper and lower parts of the left half tield 

Shortly after this he was discharged to a convalescent home, and then w 
given sick leave. He reported himself again on Decembe > fc re-eXaml 


tion, and a record of the fields was t iken 


Fig. 4.—-Central vision in the right eye had improved, being now almos 


is. No alteration had occurred in the tield of the right eye n the field « 
the left, however, movements were recognized in the perip!| ery of the left lowe 


quadrant, and in the narrow part of the field, outside the dotted line, he sa 


the white object The chart showed no uppre ciable change n the ip} 
quadrant 

On the following day the records of the fields were checke on the Bien 
screen. Three test objects were used l \ circular white disk, 1 en 
diameter: (2) a ecireular white disk, 15 cm. in diamete und (3 cireul 
black disk, 15 em. in diametei The same dissociation of the fields t 
stimuli was got, and practically no change in the size of the respective fiel 
could be demonstrated So that the size, or the colour (black or white ol t 


test object make little ditference 


Harris |2| records a somewhat similar case of partial hemianopia, 
in which vision for the white test object was retained in a strip of the 
peripheral field, and mentions a parallel case of Delépine’s [1] of 
right hemianopia up to the fixation point, with a narrow periphen 


zone of vision in the lower right quadrant of the right eye field only 


Case 3.—Captain de W. was wounded at Gallipoli on December 4, 191? 
by a shrapnel bullet He never lost consciousness, and he was aware, almost 
] a § 


from the first, that he was blind in the left half fields. Though his right les 


and arm were weak, he was able to hop to the dressing station. 
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The entry wound, in the left frontal region, was enlarged the same night by 
Mr. Warren Low. There was no exit wound. By X-ray examination the 
bullet was found to be lying just inside the skull, near the right occipital pole 
On January 7 it was removed, and an abscess evacuated 

The tields of the patient were examined at Alexandria by Col. Eason a few 
days after he was wounded. There was a complete left homonymous hemi 
anopia up to the fixation point. He missed food on the left side of his plate 

To Dr. Farquhar Buzzard, who examined him on May 31, 1916, 
indebted for the following note: ~ Vision in the left upper quadrant 
Some return of vision in the left lower quadrant 

The patient had two fits, the first on March 20 and the second on March 30 
He was admitted to the Empire Hospital for treatment in the beginning of 
September under Dr. Buzzard. He gave a history of having been unable, 
during the earlier months of his illness, to perform purposive movements with 
his right hand, and a few symptoms of right motor apraxia remained, though it 
had apparently cleared up to a great extent. He had much less difficulty in 
knowing what to do with things, but he still had to think about every action 
He could not perform movements spontaneously. There was only slight loss 
of power of sensation in the right arm. There was no agnosia, and he never 


alt 


failed to recognize the use of an object which he saw or fel 


He noticed first some recovery of vision in May, 1916. The movement of 


objects only was perceived, and solely in the periphery of the lower quadrant 
The patient, describing this vision in a small strip of the half field. said that he 
saw the movement of objects below and to the left momentarily, but only to 
lose them again as they approached the centre of his field When walking in 
the street he could see what he knew must be people's feet, though they had 
no shape, moving on the left, but he saw nothing to represent the body above 
the ankles 

Since May he has become aware that the narrow strip has increased in area 


l 
} 


from the margin towards central vision, and upwards towards the left uppe 
quadrant. He still cannot see stationary objects on his left, even in the 
lower peripheral fields. The moving things, he says, have a vague grey shadowy 
appearance. 

Fig. 5.—Central vision 7s, right and left, nine months after the date of 
the injury. There is a left upper quadrantic loss, up to the fixation point, fo 
both stimuli ; but movement is perceived in the lower part of the periphery of 
the inferior quadrant. The strip is of larger area in the chart for the left 
eye. There is still a left homonymous hemianopia for the recognition of 
object. 

Fig. 6.—Eleven months after the injury The hemianopic line is seen to 
miss the fixation point by about 4° or 5. The movement field in the lower 
quadrant is now broader and longer, but a paracentral scotoma is still left, and 


a stationary object is not appreciated in any part of the half field 
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The perimetric results of this case have been checked by the 


Bjerrum screen, and disks black and white up to 15 cm. in diameter 
were used. 

He exhibited certain defects in visual orientation, but these will be 
described separately in Chapter ITI 


Case 4 Capt. C. received a wound at Gallipoli by a shrapnel bullet, in the 


left occipital region, on June 6, 1915. While advancing he was struck down, 


tunned but not unconscious. He had no pain, and was able to get up again 
At the time he noticed nothing wrong with his vision. As he was walking 


back to the dressing station he fell down unconscious, and remained so fot 
twelve hours He was trephined on board the hospital ship that took him 

Malta 

I first recorded his fields on September 28, 1915 Though he was at that 
me quite aware of his loss of vision, which was chiefly in the right uppe 
juadrant, though the lower quadrant was also restricted, it hardly interfered at 
ill with his walking. He had no appreciation of movement, or other visual 
stimuli, in the blind fields 

Fig. 7.—-Central vision ¢, right and left. The fields for the recognition of 
movement and object coincide 

Fig. 8.—The fields were charted again on November 18. There was still 
no dissociation evident of the fields for the two stimuli. He complained of 
nore difficulty in getting about, that he was more blind. The restriction of 
the right lower quadrant was found to be greate 

Fig. 9.—The chart dated December 13 (i.e., six months after injury) 
showed the right lower quadrant tield to be a little larger, and at the points 
marked X, corresponding to the periphery of the upper blind quadrant, he 
saw, for a second, the slide moving past 

These points complete the periphery of the right eye field, but correspond, 
n the chart of the left eye, only to that of the defective part ot the right lowe 
juadrant. The patient declared he could distinguish no object as the slide 
went past, but he knew that something had moved through his blind tield 
Vision was obviously recovering in the periphery 

On February 1, 1916, he was admitted to the Empire Hospital, for 
ybservation, under Dr. Guthrie. Fig. 10 shows his fields for the recognition 
f movement and object, taken with the perimeter, three days late 

Fig. 10.—Except for a slight restriction of the peripheral parts of the right 
upper quadrant, more especially in that of the right eye, and a triangula) 
central scotoma for movement in the original blind part of the field, touching 
the fixation point, the field is complete for movement, and has not changed 
or the recognition of the object. 

The patient was discharged, a few days afterwards, to the country, and no 
ypportunity was got of making a further record till July 10, when he reported 
iimself, complaining that his vision was not quite so good. Fields were then 


napped out for object and movement vision. 
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fields for movement and 


Fic. 8. 
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> defect for recogniti 


Central scotoma for appreciation of movement 


Fic. 12. 





DISSOCIATION OF VISUAL PERCEPTIONS DUE TO OCCIPITAL INJURIES 29 


Fig. 11.—The field for movement has altered little, except that the scotoma 
s a little larger; and a complete absence of object vision, up to the fixation 
point, is demonstrated in the right upper quadrant. 

Fig. 12.—Recorded thirteen months after he was wounded. There is still 
no sign of return of object vision in the upper quadrant, and the scotoma for 


movement has apparently not diminished much 


Prominent features of this case are :— 
(1) The return of perception of movement alone. 
2) The recovery occurring in the periphery of the original blind 


| 
field, leaving as an end result a central scotoma. 
(3) The loss of vision going up to the fixation point. 


Case 5.—Capt. H. was wounded on December 16, 1915, by shrapnel in the 


occiput. Dazed but not une nscious, he reali ed he was completely blind. 


They earried him back to the tield dressing station, where his wound was 
ttended to. The medical ofticer at No. 2 Casualty Clearing Station reported 


hat he was admitted there the same night with a serious gunshot wound of 
the vault, which was bleeding freely He was unconscious, and in a critical 
The following day the wound was cleaned, and some fragments of bone, 


vhich were found to be damming a torn longitudinal sinus, were removed 


On January 10 he was transferred to No. 1 Red Cross Hospital, Le Touquet, 


first note made on vision was dated 
anuary 28: ? Very slight vision right eye. Blurring of left disk.”’ 

On admission to the Empire Hospital on February 26, under the care of 
Dr. Buzzard, he was very confused and moaned continually. He had some 


x better nursing and comfort. The 


ace, arm and leg, and there was a large sloughing, septic 


paralysis of the 1 cht f 
ernia protruding from the back of his head, to all appearances involving the 
lobes The parietal bones were loose and could be 


+ 
} 


whole of the occipital 


oved under the scalp On the following day he was quite collected, though 
pain in the head and neck, and to rough testing he was 


suffering tro 


totally blind 
On March 28 the patient said he saw something moving on his right, which 


proved to be his wife's shadow on the wall When tested, he could distinguish 
tween light and darkness, and co ild detect fir ger movements in the uppel 
art of the periphery ol the right supe rio} quadrants Stationary objects, 


m and colour were not perceived 


He was totally blind in the rest of his tieids, and no attempt was made to 


art the seeing parts as it was naturally impossible for him to fis Later, 


when he began to get out for walks, he noticed that he co ild detect movements 


s ne} issed objects, e.g., lan p-posts, on his right side He sald - They don’t 
ppear to have any colour or sl tpe They look like shadows. Sometimes 
can tell if the moving things are white. 

On November 4 his vision was exactly the same He was aware of move 


ent in the same limited part of the field; but he had no idea of shape, and he 


iid not count fingers 
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This case is of interest in so far as it shows that what remained of 


vision was for movement and light stimuli only, and this was confined 


to a small part of the upper peripheral field. 


Cire up » —Showing Recove ry if hoth Ps reeptions, the ah in dD flerent 


De gree . 


Four cases are included in this group. ‘The first demonstrates the 
dissociation and partial recovery of vision for object and movement 
stimuli in complete homonymous hemianopia, the second in altitudinal 
hemianopia, the third in concentric contraction of the fields, and the 
fourth in quadrantic defect. The order of return of the two perceptions 
is well illustrated 


( 6 Lieut C. received i bullet wound in tlhe OcCcIpiti 


sé 


October 17, 1915 He recollects nothing of what happened d 


three days. He came to himself in No. 14 Stationary Hospita 


and discovered that he was completely blind. On October 21, ti 


his arrival at Boulogne, Lieut.-Col. Sargent operatied 
Two days after operation the patient could distinguish bet: 


Sight in the right half fields gradually improved 


He 


darkness. 
he could not remember which perceptions came back first 
in the left half fields. 

Transferred to England on the ill-fated ~ Anglia 


ten minutes after she was struck When adn 


on November 17, 1915, under Dr. Guthrie, he wa 


shock 


Fig. 13 was taken three days after adn 


nervous condition The tields, as are 


object perception only 


Fig. 14 Twelve days after admission, and 


completely blind in the left half fields to the stimulus of a static 


except for a small strip in the left upper quadrant, more noticeable in 


for the left eye 
Fig. 15.—Three months after injury The fields are for movement 


object vision. The field for the perception oO: an object shows practically no 


movement can be detected in quite half i the upper quadrant 


change: but 


The left eye tield brings out a small blind area in the right lower quadrant 


immediately below the fixation point 

Fig. 16.—Four months after injury. Central vision {, right and left The 
field is for movement perception only There is now peripheral vision fon 
movement in the lower quadrants, and a large paracentral scotoma remains, 


occupying part of both lower quadrants, chiefly the left. Movement is pei 


ceived in the whole of the left upper quadrant 
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LEFT 


field for ippreciatl 
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17 | Ve montns alte injury. The tields ior botn perceptions are 
esented Object vision has extended into practically the whole ol the left 
quadrant, but it is still lost in the ft, and in part of the right lowe) 
rants The scoton or movement is pretty much as in Chart 4 It is 
ved fT i the perce} yn So ¢ Ine Vil recovered betore the 
e 

( ele f t ] t ( ral ) S t ed 
3 : Ippe juadrants | to some extent e 

é | t I } m ft fixa } t 
$.—S§ I field central y no 
( ‘ 1 phe I I ! le Ve 
) . ; eepll t ¢ pa I 
t | ele lf f Ce sil 

r I ! ct ! ( 
} | et fie] ; 


That the re rv of vision fo) ovement preceded that for the 


, ‘ ' . . : 

S oma In tl wer part of the hleild reaching tne fixation point 

j { i ~ ri t | itity pie ol 
, 
rer He ch blir f tive 
\ Re ( 1] } i ‘ September 20. he 
vy 

t é | \i \ { Septem be ‘| H could 
! S ) eLnil ) hen the 

<j | —j > t I y onrer rn ( hc I ‘ 
ror Se bé ( I l the 1 ( ce trom hei 
nO eam} 4 ( i ee W a ] Viile nut ron i 
hout 7 Sit nt September 27: He was able to 


O i e me n the upper quadrants, the recognition ol some 
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Fig. 24.—The , movement 
admission, and the as found to be 
in the lower quadrants 

Fig. 25.—On Februai 
showed a marked general 
and more especi ully 
movement were 
The patient had p 

Two small fragme 

reat longitudinal fiss 

Fig. 26 Six 

object were tout d 

sume |! 

he was 
had got 


disturbed 


D\ pleces ol 


t him 


stance ol 


1s eves fixed 


three miles to 
Vision 
No. 2 Red Cross Hos} 


, and raised a aepressead 
patient 


> certain that recovel 


and movement 


provement! n the left 


recovered, Movement 


) 
or corour 

He was admitted te 
On roughly testing the 


; 


lower quadrant \ 


ngn 
lor a stationary object tl 

Fig. 27.—Central vision %, right and lef 
the injury. The apex of the wedge in the inferi 
to between 10° and 20° of the fix 


ation point 
object and for movement are dissociated, the former h 
the latter. The left lowe) quadrant has recovered completely 

Fig. 28.—Three and a half months after the injury ittle improveme 
is demonstrated in the fields for both perceptions, mo! iceable in the fiel 
for movement the filling ou I » fiel i lore i he periphery, so that 
the base of the wedge is narrower. Colours are not appreciated in the ¢ 


part ol the field. 
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Group 3.— Where no Dissociation or Recovery of Vision OcCHTS 


Certain cases of hemianopia, however, show no dissociation « 
object and movement vision, and remain stationary, at all events fi 
many months. But I have found them to be relatively few in numbe 
and only one occurs in this series of cases. One might suggest 
tentatively, that coincidence of the two fields and the absence of an 
sign of recovery are due to the injury being more extensively subcortica 
[ cannot bring forward pathological material to prove this assertior 
but Swanzy |7|, writing on relative hemianopia, said that he believ. 
it was the result of a lesion of less intensity than that which cause 
absolute hemianopia. The following case belongs to this group:— 


) 


Cause 10 Lieutenant M. was wounded at Loos about September 30, 191 
by a rifle bullet in the left oceipit il region On admission to the Rawal Pu 
Hospital, the next day, he was in a seml-consciou yn n iite unable 
give the name of his unit or his people's address 


period, he demonstrated to the doctor his 1 


Lerr. 


On November 2 he was admitted to the Empire Hospital, under the ea 


of Dr. Collier. The fields, charted on November 13, showed a right homony 


mous hemianopia, up to the fixation point The object and movement field 


ent irely coincided 
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Fig. 29.—Cent: 
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il vision «¢, right and left Records of the visual fields 


re taken at intervals till June, L916, and no change could be detected The 
only need be shown (fig. 30) 
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The points I J 
zed as follows 
1) In restrict 
very ol vision 
recorded on ac 
2) Recovery 
Appreciat 


LVS dissociate 


emonstrated: the 


a 


rception, being t 


(4) In prognos 


bsent after a fe 


ave tried to demonstrate in this chapter may be sum- 


ed y sual fields from occipital injuries where some 


occurs, the first visual stimulus perceived, which can 


+ 


hart as a field is movement 


Vision 1 movement begins in the per phe ral tield 


on of movement and recognition of an object are 


d in patients in whom recovery of vision can be 


field for the former, which is the more primitive 
he large 
s this dissociation is a valuable aid, for when it is 


months have elapsed no recovery of vision occurs 


5) The relative sizes of fields are the same whether the test object 


black or white, 


15 em. in diame 


Light and mov 


reepts, and conse 





used against a black screen, and whether it be 1 cm 
tel 
ement are probably the most primitive of all visual 


quently one would have expected that they would be 
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perceived first in a recovering blind field. Recognition of movement 


essential to animals both for hunting and for self-preservation; 1 


naturally it would have a wide field, and its recovery wi 
periphery of the field. The peripheral and wider fields rec 
which inform the individual that there is “a 

visual range; if he considers that th 

gated further as to its distance, 

dimensions, then he b: nes Cc 

who has shot at driven birds can 

While getting a bird with the 

of something moving fai 

movement in 
another bird, and sw 
with the other barrel. 

The dissociations between the perception 
elementary visual sensations are, I venture 
those which are found from nterruptions 
though I fully recognize the essential differen 
of production of visual perceptions and skin 
receptors of stimuli which originate thi 
tance; while the receptors 


] 


objects in contact with th: 
smell and hearing, has become highly special 
of particular functions, through the special devel 
of the leading segments for reaction to distant 
by Sherrington 51: vet, elinieally, the types 
compared with those of ordinary sensation in so fai 
disturbance at the h ohe pl vsiological 
sensory systems 

As I shall endeavour to show in the 
can be drawn between the dissociations o 
functions of vision and those of 


injuries 


CHAPTER IITI.— VISUAL ORIENTATION ANI EREOSt rc hk 


Smith and Holmes |6) have given a very full description of 
of bilateral motor apraxia with disturbance of visual orientation 
patient was a soldier who receive d a shrapnel bullet wound of t 
the entry being in the right post-central vertex and the exit in the left 


temporal region. 
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\mblyopic in part of both lower quadrants for the recognition of a 
te object 10 mm. square, he could frequently appreciate movements 
defective area of the field; so that perception of movement and 
nition of object were dissociated He was unable to orientate 
pace the positions of objects seen in the extra-central parts of the 


ind the relative positions of objects that came in succession int 


\lso, objects outside central vision failed to excite his 
; 

Case 3 of this series presents iny svmptoms which are parallel t 
described by Smith and Holmes He was, as already mentioned, 
the ft half fields, though 1 he in appreciate movement 
e periphe é er quadrants H bility t rientate in 
( nys that es quite well ulmost entirely lost, and thick- 
nd dept not Yr to ! su \ He has lost stereoscopi 
I will deseribe s symptoms In det as they seem to throw light 
nature f stereoscopic vision and on the relation of cerebra 

s or vy n t t Sé I gene} sensa n 
In the earl t] f his ness, |} was quite unable to con 
simple 1 ements into complete purposive acts with his right 
and arn He had, it is true, some weakness and sensorv loss of 
oht side, and f this reason I suppose his symptoms should not 
lescribed upraxic ; but the disability was out of all proportion t 


umount of es und loss of sense of position Krom the first 


re was I Lo! i He still hesitates befor he 1Sé things co. 
with |] right hand. Purposive movements lack spontaneity 
disability has alwa been, so far as can be ascertained, limited 

¢ l ht aie 
Though he | no ditheult n bringing objects which he sees at 


nto centr n, this was not always so; for when in hospital at 
he was frequent inal to get his eyes fixed on anything 
s asked to ] it, even when he knew quite well its position in 
He quickly looks in any direction t rder or when a light is 
n flashed from either side r a sudden noise made Strictly 
iking, however, he does not rotate the eves, but turns his head, 
ping his eyes more or less stationary Similarly when asked to 


a finger with his eyes, though he has no difficulty in keeping 
sed on it, the movement is not of the eyes but of the head. H¢ 


iin < plat tio! am so accustomed to moving my head about 
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when I read that I do it unconsciously.”” He has no trouble in keepi 
his eyes fixed on an object when his head is passively moved ; no! 
following it with his eyes when his head is kept fixed by the observe: 

On being asked to explore the surface of a table with his eyes ar 
to count the coins placed on it, he did it correctly He_ believe 
however, that this would have been impossible for him in the earli 
days of his illness. 

His visual memory is apparently intact; and, at all events 1 
his ability to retain visual impressions is not atfected, e.g., when a b 


a pen, a test-tube and a patellar hammer were shown to him in 


succession and then hidden he described them accuratel\ There 
no visual agnosia 

Visual orientation, however, is. grossl ipset He s unable 
localize in space the position of an object seen. When told to ta 
hold of a matchbox which was held in front of | , though hi 


at once and kept looking at it, his hand groped about searching for 


before it was finally grasped he task was equally difficult hic 
ever hand he used He makes poor attempts at touching a spot o1 
piece of paper with his finger, and the plane in which the paper is he 
makes no ditference 

The length of a room, in reality IS ft., was thought by him to | 
3U It Sitting about 3 ft. away from him, he lid we were s« 
by a distance of at least 6 ft but he declared he was only euessing 
as he had no real idea of my relation in space t mselt He car 
only if an object is very near or very far awa Hi ible, howeve) 


judge with a fair devree ol accurac the height or len th I ditierent 
ybjects, e.g., a walking-stick, a pencil, a house, but n 
makes gross mistakes 

Similarly, he is unable to estimate correctly relative distance 
lengths. On a piece of paper held tlat on a table before him, tw Lu) 
dots 4 in. apart and one nearer to him than the other ippeared to | 
to be side by side When the dots were placed equ 
eves, by shifting the paper round they were recognized to be s Th 
relative position of the two dots was, nevertheless, easily recognized 
when he was allowed to move his finger from the one to the ot 
His answers are equally wrong whether the objects are far away from 
him or near to him. He never says that the nearer object is the mor 
distant. 

Curiously enough, however, he can choose correctly, often seve 


times in succession, the longer of two lines drawn on paper, irrespective 
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whether they are parallel or not. But if tested with the same lines 
hort time afterwards he may give a series of answers which are 
tly incorrect. It is impossible to predict what his answers will be 
th the line tests he appears to have, if anything, more difficulty when 
paper is held some distance from him, say 6 ft. away, than when it 
learer. 

When I was-carrying out some of the tests one day he suddenly 
1: ‘““Kvervthing seems to be really the same distance away Hor 


mple, you appear to be as near to me as my hand” (he was holding 


und 14 in. from his face and I was sitting about 5 ft. away from 
This loss of appreciation of the relative positions of things that 
sees quite well has been the means of giving him many a fright 
vehicles approaching one another in the street always seem to be 

to collide \ person who is crossing the street is sure, he thinks 

be run over by a taxi that is really vards away He used to stand 


1 stare aghast till he found he was registering wrong impressions, and 


Line iccidents Whiel Ii¢ expected t /ecur every ninute did not 
e oft If two people walking together come towards him on the 
ement and separate t et him pass, he loses sight of the one who 


to his left s he is almost completely blind in the left half field. 


i very tre juent y Walks int the one n his right He can see the 
but he cannot judge how far away he 1s When waiting with his 
to cross the street, the houses on the other side, the policeman and 


refuge all seem to be the same distance awa ind quite near t » him 


His most interesting defect nability to appreciate depth or thick- 
n objects see Ihe case described by Smith and Holmes had 
apparently tl difficuity, for they make no mention of it: so that 
ial localization and orientation may be dissociated from  visnal 
preciation of depth This miptom, in Captain de W., is ver 
nounced, and is source of vreat trouble to him The most 
pulent individual might be a moving cardboard figure, for his body 
represented by an outline on! He has colour and lght and shade. 


still to the patient he has no protruding features; everything is 
rfectly flat One of the infortunate results of this phenomenon 
friends are recognized only by their voices \ man can be dis- 
uished from a woman because, on account of his dress, his outline 
fferent, and he may possibly wear a beard or a moustache. 
To the patient a chair is flat, though he knows from experience that 
visual impressions are cheating him. Similarly a sphere is merely 
ircle, a cylinder a flat rectangle, a cube a square, and a pyramid a 


ingle He appreciates shape perfectl) 
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A stair is a flat inclined plane with no protruding steps, and vet 


knows from the light and shade that he ought to see the steps. It 


only a few months ago that he began to recognize visually that the t 
of the flight was farther away from him than the bottom, when he st 
a few feet away and looked at it. A landscape is like a painted pict 
or a piece of stage scenery l was walking along the street with | 
on a bright day, when the pavement threw a deep shadow, ar 
mentioned that strictly speaking the paver did not seem to 


] 


be elevated above the street He red that the 
that it was so, but, as he put it, “ ‘thin that ind 
has been taken away, and, des] 1 1 light 
mie they are both on 

Hollow vessels 
into a kidney-tray he 
part of it in the shade 

de is a flat semicirculan 

circular plate 

His visual pictures are just the same \ her he examines 
with one or with both eves; but immedietely he uses his fingers he 
tell that the things have de pth as well as sh ipe 

The visual defects shown by this case 
literature seem to me to be analogous to 
nation found in sensory disturbances of 

Summarizing briefly the defects in 
appreciation of depth which this patient 


1 


1) Inability to localize an object which 
tinguish whether it is very neal ! ir away 

(2) Inability to tell which of two objects is the nearer to him 
vided thev are not separated by 1 grea distance, the appear 
equidistant from him He never chooses the one which is the 
away as being the nearer of the tw On the other hand, he frequent 
chooses correctly the longer of two lines drawn on a piece of paper, « 
the taller of two persons who are near « ( but 
shows a certain inconstancy in this, so that 


an answer will be right or wron 


1 ; 


3) Inability to appreciate visually depth and thickness in obj 
notwithstanding perfect consciousness of light and shade and possess 
of binocular vision. In his own words, ‘‘ Something else that indicat 
depth has been taken away.” 


He can, however, describe correctly the forms of different object 
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ch are presented in his visual field, e.g., a rectangle, a circle, a 
juare, or a triangle. 

Defects in spatial discrimination, similar in type to the visual disso- 
ons enumerated above, are evident in his right hand 

1) Localization of a touch is defective in the first three fingers 

h 


conscious that the position has been 


Each finger has to be passively moved on an average throug 
1 change of posture when a finger of 


hand h eel ed through one degree 


\ppreciation of relative thickness of things is not nearl) 


left hand, e.¢., when he was given, one alte 
inequal s el with his right hand 
he thought they were 


} 


pheres quite readily when he 


ve and 

coment and 

The wounds 

Operations 

casualty clearing 

1 rule some indication was 
lical history paper of what 


visual defect in the earlier 


that with head wounds it is almost impossible, 
material, to limit with accuracy the damage done 
cularly wit juries to the occiput, especially of 
At the best « y approximations can be mad 
to estimate how much brain substance has been 


and indriven fragments of bone, the presence o1 
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absence of sepsis has to be taken into account. Moreover, vascu 
lesions are never absent. 

In this paper I limit the use of the term, “ injury to the occipit 
cortex, to cases in which the lesions are caused by localized depres 
fractures, say, from gutter wounds, or by a piece of metal which 


] 
| 


just perforated the skull but not the dura, and in which X-ray exan 
tion has excluded indriven fragments. ‘Two cases in this series bel 
to this group; in the other eight the subjacent structure witl 
cortex have been involved. 

In this chapter, a short description of the wounds, of the results 


X-ray examination, and of the appearance of the brain at operation, 


be given, together with the probable parts of the brain damaged 


Case | Entry A small perforation situated { in. abov 
to the right. 
Represented by a trephine opening 2 in 

its centre 35 in. above and { in. behind the opening 
auditory meatus. 

Nature of projectile Ritle bullet 

Condition of wounds Practically clean 

\-ray eraminatio) No loost fragments ol bone ¢ 

A description of the operation was not sent with the 

On this evidence, the left occipital lobe was unaffected 
entered the right lobe just on the occipital pole, whicl 
Holmes and Lister, lies about 1 in. above the inion, and must 
traversed the optic radiations obliquely The lesion of the t 
corresponds to the involvement of the left half of the cent: 

Case 2.—Entry Represented by a trephine opening 
and 35 cm. broad. Its centre is 45 in. anterior to, and 
right of the inion. 

No exit wound 

Nature of projectile. \ piece of bomb casing 

Condition of wound, Very septic 

Stereoscopic X-ray examination A shell fragment was local 
|} in. above and in front of the internal occipital protuberance, 
| em. to the right of the mid-line. No bone splinters were shown 

Operation.—At Rouen, on February 24, under local anesthesi 
the wound was excised and a small extradural collection of blood w 
removed. A hole in the dura was discovered, and was enlarged slight! 
The tract was explored and the metal felt; but on an attempt being 
made to remove it the patient had a very severe general convulsion 


and almost died on the table. The operation was abandoned. 
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RCE! ONS DUE TO Oc¢ INJI S 


a4 


The charts of 


and in front of the pole. 


fields demonstrated a right upper quadrantic hemianopia, and some 


pheral restriction 


ot 


the 


lower quadrant. Appreciation of move- 


The damage was probably confined to the left lobe. The lesion was 
ibove the occipital pole, and central vision was retained (figs. 2, 5 
j 
Case 3 Represented by a trephine opening | in. diameter 
its centre 5 behind the nasion measured along the nasio 
il line, and 14 in. to the left of that line 
l Trephine opening 1} in. in diameter. Its centre 
ront, and n. to the right of t nion 
Vat f) Shrapnel bullet 
t ls Both had been septic 
\-ray t Some loose fragments of bone were lying 
rficially in the | n under the entry ind, and the bullet in the 
f the rig! pital lobe 
perat On January 7, 1916, the skull was trephined over the 
Cl tal } le lhe bullet Was l ved, and an abscess evacuated 
possible that bullet in its course missed the optic radiations 
e left it ist have passed through those of the right 
The f n of an absce ind the bullet points, however, to 
test destru n brain tissue having been in the polar region 
I he n pictul will be remembere d, was an or oinal 
mony} ano} ip to the fixation point, with subsequent 
I appre tiol ven n the periphe f the lows 
in nes ) nd 6 
Che posit nti ind teresting in view of the defects 
il and sens entatiol 
( { kK) lrephine opening, measuring 1! in. | zontally, 
ist O1 in inch vertically, has its centre 23 in. above and 1} in 
! he opening the left external audit meatus 
No exit 
Vature of } Shrapnel bull 
ition d.—sSlightly septic, but healed quickly 
\-ra é t nat Ihe bullet was localized 4 in above, n 
und 3 in. to the left of the inion. Nosplinters of bone to be seen. 
Operati The entry wound was enlarged on board the hospital- 
which nveyed the patient to Malta, but the medical history 
et sent with the patient gave no information about the operation 
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ment returned except in a small area of the central field of the upp 


quadrant. There was no recovery, however, for the recognition of 


object, or of form or colour (figs. 7 to 12) 


Case 5.—The damage done to both occipital lobes was extensiy 


Many large and small pieces of bone were shown by the radiogram 
be lying in the brain, some superficial, and some deep. There w 
much sloughing of brain substance, and the wound was very septic 
He was totally blind except for recognition of movement in part 
the peripheral field of the right superior quadrant 
Case 6.—Entry. Represented by a large horizontall 
3 in. long and 14 in. deep, lying across the mid- 
centre was 2} in. from the inion 
No exit.—The wound was probably of th 
a large depressed fracture 
Nature of project f Ritle bullet 
\-ray examination In the plate , taken alte! 
Empire Hospital, no loose splinters « 
Operatio) I am indebted to 
following note: “‘A large « 
small fragments of bone were rem 
of the flap and partly from th 
divided the longitudinal sinus, the 
be identified On the left side the 
bordet the occipital 
with debris of brain and 
of an inch, its whole size 
foretinger. 
‘On the right side, 
more superficial and with no indrawn 
“After excision of the scalp wounds, the 
closed by a pericranial floor, leaving room f 
drainage tube into the cavity in the left lobe 
The clinical picture does not correspond to the 


damage of the occipital lobes as found at operation 


was an extensive thrombosis of the right occipital vein (figs 
The parts of the visual areas above the calcarin 
immediately in front of the poles probably suffered most damage 
Case 7.—Entry. A round hole } in. in diameter, over the rig 


occipital lobe. The centre of the wound was 1; in. above and 1 in 


the right of the inion 


| + 
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The piece of metal was sticking through the bone. 


Piece of high explosive shell casing. 
Not very septic. 


Large pieces of metal lying half in and half 
s fractured for about 1 in. above and 3} in. below 


il protrudes into the skull for about 1 cm No 


ven fragment 


)) it Major Austin’s note say - ound excised, shell and 


part hemorrhage injured except for 


lateral sinus entered the right 
was injured on the 


i flap of fascia 


ternal 


trephine openin 


vnwards and a little 


lragments of bone were 


about 4 in. behind the 
n. from the trephine opening 
than three days after he was 
on on the transfer sheet, | 
nlarged, and the bullet, which 
rward between tl occipital lobes, was removed 
pieces of bone. Some of these had foll 
remained superficial. 
2) On February 3, Mr. Walton 


nal wound, was t 


we d 


operated \ flap, cut round the 
hrown down and the opening in the skull enlarged. 


probe was passed down between the hemispheres, and two small 


es of bone were felt lying close together in the position localized by 
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the radiograms. They were easily removed, th 


over } in. in length and ! in. broad 

Holmes and Lister |4! have suggested 
of the retina from its centre outwards are represented 
from behind forwards in the visual area,’ and I venture 


this case brings forward further evidence 


Since the bullet and the splinters of bor 


occipital lobes, it is pi ble that the 


cortex and t innerm 
the positions of the 
considered togethe) 
like ly that the poster 
may then assume from 
traction he fields res 
are t 
(i J. Gutte! 


\ trephine opening, m« 


its centre ust It 


: 
which wert 
fracture below, 
The du l 


through 


‘entre | 
al There was a bulging se 
Nature of projectile —? R 


Condition of % 
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1 October 3, the holes in the occipital bone were joined 


bein? cl ppe d LbWil 


\ 
\ 


ind thers is been no recovery of vision in th 
n unde rvation (figs. 29 and 30 
es then there wv destruction of the visual cort« 

n r more commonly of bot! It may be that 
no dissociatior f the visual perceptions can | 
which no COVE i Skt curs, the damage 
il tica but L cannot bring forward definite 
tio! f the entry wound and the course of the 
n are nterest in vie f the unusual visua 

The ent wound, in the case described b 
S er the right supramarginal is, and the 
wnargina is, a ttle n tront I the enti 
re DotN In the } t-central re n I the bral 
the bullet entered the brain in front of the left 
lution a 1; in. from the na nional line 
t | ( } tal } é t may may not hav 
diation fibres; but it certainly passed throug] 
p ( t his sensory symptoms corresponded 
fects S ficant. In Smith and Holmes’ case 
was unimpaired, but he had _ bilate: mot 
right-sided apraxia of Case 3 It is to be noted 
illet passed through both hemispher« 
rawn from several of the cases in support of the 
stel t| and others on the cortical representation 
sup] evidenct favour of the contention of 
!| that macular vision has its centre in the 
f the visual areas Further, since in cases in 
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justifiable to conclude that the macula, like the rest of the retina, 
not bilaterally represented in the cortex. 


+} 


(2) The superior quadrants of each retina are represented in 
upper, and the inferior quadrants in the lower part of each visual are 
(3) The periphery of the retina receives stimuli for the cortex of t 


anterior part of the area striata (Case 8) 


Sl 


In reviewing the results of examinatio f cases sl 


defects from occipital injuries, I venture ing forward the 


conclusions 
A) With regard to the appreciat 
is oscillated in the so-called blind field 


(1) That movement 
wh ch are 
2?) That light 
appreciated 
appreciation 
field for light 
for movement 
intervals, give th 
‘hat the presence between 
appreciation of movement and recognition 
afford a valuable aid in ‘OognosIs In cas 
movement Is perce ved 
some return of vision; on 
ment is perceived after an interval of 
elapsed the affected field will probabl 
blind. 
) That recovery for the appreciation of 
the periphery of the field, and e: 
central vision 
B) That the types of visual dissociation exhibited are anal 
to the dissociations of general somatic sense impressions descril 
Head and his co-workers as occurring from cerebral injuries 
(C) That in certain of the cases a consideration of the pro 
damage to the brain along with the charts of the visual fields 
facts which support the contentions of Holmes and Lister on c 


representation of the retina 
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1) That macular visi has it : in the posterior part o 


the visual are: 
(2) That the maci 


sented bil 


represented 


wel part 
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kind advice 
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PROGRESSIVE 


Ir is now a cent 
brated essay on the 
outlined the chief clinical features 


name There are few, if any, 


which excel in exactness of observation and clarity of expressi 


Parkinson’s original communication on paralysis agitans. Like 





GLOBTS 1 


however, it was merely a clinical deline 


certain sroup ol Cases could be read ly 


Méni¢s in the course of time 


dependent ! 1 num of distinct pathological 


] 


ve will | f Parkinson’s disease In 
syndrome, with a definit 


aused b 
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The juvenile type of paralysis agitans I would regard as a 
system disease, characterized by a slowly progressive atrophy of 
motor neurones of the globus pallidus mechanism, while the paral 
agitans of later life, the presenile, senile and symptomatic forms 
dependent upon senile and vascular degenerations in the course 
same mechanism. I believe that it is possible to different 
paralysis agitans group pathologically and to a certain extent 
precisely as In other organic affections of the central nervy 

The progressive atrophy of the globus pallidus w 
represent in the domain of 
the same pathological type 
spinal motor system. 
tract system, the othe 

The functions of 
mystery, notwithstanding 
years, and one has only t 
striate body to obtain an 
ind the conflicting svmptomatolog 
tion sharply limited to the moto 
mechanism would therefore b 
syndrome of the globus pallidus and should 
functions of this obscure neural mechanism 

In recent vears there have been describe 
ff the corpus striatum, viz 1) The Vogt syn 
spastic diplegia with athetosis and pseudo-bulbar pal 
this group of cases being the (tat marbré limited to the cau 
and the putamen (the neostriatum); and (2) Wilson's syn 
upon progressive lenticular degeneration, which is cl 
rigidity and tremor of the Parkinson type, dysarthria, 
with tonic and clonic spasms and occasionally athetoid movement 
I shall attempt to reconcile these two syndromes and their points 
difference in the chapters on the functions of the corpus striatum 

K;vidence will also be presented for regarding the n 
ances of paralysis agitans as one of the cardinal types of central paralys 

This form of palsy is produced by disease of the motor or efferent 


system of the globus pallidus, which exercises a controlling influen 


upon the « Xtra-p\ ramidal motor system The large motor cells of 


globus pallidus system occupy in the automatic motor nervous syste! 
the same position as the cells of Betz in the corticospinal syste) 


the corpus striatum controlling automatic and associated movements, 
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e the higher cortical centres are concerned with isolated synerg 


l 
1¢ 


ements 
Both of these motor systems in addition to their function of innerva 
sO exercise a certain control or inhibition upon muscle tonus, 
destructive lesion produces not only paralysis, but an increase of 
is as well Both types of central palsy are therefor 


ir «ton 
with rigidity, and a paralys 


ne 
ill 


s of either pr duces a characte) 
\ lesion of the pyramidal tract 


ff spastic paralysis i les 


yf paralysis witans 


(Observations 
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} | 4 'T"} ] , + 
no defect or retardation of the intelligence. The speech is monotonous, nas 


and often unintelligible, ‘eat is the dysarthria. The mouth has 


opened forcibly to examine the throat on account of muscular rigi 
The heart, lungs, and abdominal viscera \ rinal The 


specific gravity of 1OLO, is acid 


Dr. Fraenkel at this time w 


form of paralysis agit 


ans and multipl 











of 25, showir 


deformity of the 


This patient remained in the Montefi 
years Ol hls fe and awakened n 
and the evident Parkinsonian fe: 
various oceasions by Dh Dana 
Lel erally agreed that the clin eal 
of paralysis agitans. The universa 
; ’ 


ol some contusion and at time 
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sidered The case was recorded many vears ago by Dr. Wiener | 73 $ 


ol } ivalysis imitans, and about the sume time by Dy sucns os iS 
bined form of paralysis agitans and multiple sclerosis 
’ r ‘ ‘ , ] — , Q> 
The patier first came inder 1 personal observation when he was 25 
rs ol g { ¢ fifteen vears of his life I had many 
>} l es 1 t S i\ t S ! s 1 cas The ‘ ni ul ] ctul Line 
5 Sse! L fe nowe very l } SS10! 
e s\ } 
) l 
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nel Vas Vp ces Oo ivan 1 paralysis a uns, \ iL i | 
tpi le xpress l en Kl nd but Ss powe f voluntal 
vement The bright observant eves were n marked contrast to the 
Sk like expression ot tace Under the nfluence of a pleasurable emoti 
ies aca ie t + nea 
ice Would &l tually assume the expression of smiling, which would tinge 


me and en gradually fade away (fig. 3 Marked rhythmieal tremors 
e lips, eves, evelids, and tongue, whicl increased under excitement and 


rt the typical Parkinsonian attitude and gait with coarse rhythmical 
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tremors which increased during excitement or the first efforts at movement, 





but diminished when the movement was well under way There was the 






pill-rolling movement of the fingers and an increase of the tremor, o1 





appearance in some other portion of the body 1f suppressed in an arm o 


t } 


The tremor was rhythmical in characte , registering trom s elgnt vibratior 








«a minute, which under excitement would inerease in cel It had neve 
at any time the ataxic character of the intention tremor « ltipl sclerosis 
The nvstagmus movements of the eveballs resemble ! | tw the 






seneral tremol) und were evidently Ol sit lar nat t e gal l S L1ol 





the slowness of movement Lhe de 






winking, the rigidity and flexion contractures of e extr 






characteristic of the pa IySIS wag ins svnadrome 
The 


tendon 






knee 













abdominal retlexes were: constantly present, until ite stage of the disease 





when they were frequently masked by the bo ke contract 






abdominal 





extensor response (Babins} was obtain but this was not ty] 





almost always disappeared if the leg was flexed at the knee, and tl é 





tested in this positior l regarded this phenomenor babinsk 







issociated with the contractural conditi 






\t times during an examination there would o¢ t | reactions 








sometimes laugh n sometimes crying These OWeRVE t the ! ( 













spasmodic Character ol true pseudo-bull Tec 












Passive movements otf the ext el tles mel Wit £ ( I t SI ce or | int 
of the rigidity, and there were those peculiar trem or Wal ke é ptions 
of the ovement (cog-wheel symptom) whi e so characteristic of the 
rigidity of Parkinson's disease The contour of the muscles was 1 marke 
ind the n usel bull Was ell preserved | ( mvyotat tal Was 








temperature, and the deep sensibility 


normal 







The intelligence Was essentially intact There was WeEVE presel t 
peculian contraction of the mental hori: and slight s i | deterioratio1 
vhich so frequently accompany chronic incurable atfections 







The eve-grounds were nurmal nd the Wass inn tes \ egal 


in the blood and cerebrospinal lula 







The patient is perfectly rigid fro ead to { The scula eidity 


now predominates, there being very little spontaneous tr¢ ! c s in 
marked contrast to the generalized tren ol tlie Hirst te f s of the 
disease The facial expression Is one of fixe 1 immobility, and the head 1s 


bent forward 
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therefore absent | hecame convinced 


not a true Babinski retlex, but 


rigidity and spasm 


rned o1 lifted 


should be Cc mnsiderable 


period of five years 1S the 
of the patient, also corroborated vould 
¢ ind 


certain prodromal symptoms 
11 LOTIC if irly childhood 


awkwardness of movement, were alread, 
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care- 


the 


eX Sbe nce 


of such prodromal symptoms should be 


no history of 


subsequent cases. There was 

iny similar disease in other members of the family, 

al incidence is by no means infrequent in the juvenile 
lisease 

nd rigidity began 1 the left side, first appearing in 

1 n the arn A year later similar symptoms were 

n the opposit le. The tremor and rigidity were both 

pal S itans In tl eariiel ears of the disease 

Vas S nd alm iniversal, involving even the face 


t ttempted movement During actual movement, 
tre d diminis ind usually ceased as the hand 
! bye this respect differing essentially from the 
ti} é It s, therefore, not an intention tremo} 
nystagmus-like tre r of the eveballs, which, how- 
natu f the general trem and did not have the 
l stavl recarded tL as a tremol ili. 
! nystag \t one pel the disease the 
I é tre ties were ve and there was even 
I W VEVE vas not nstant and is 
1 to tl é TT) 0 i tremor or pseud nus 
I Ss spa I t 
ne onset ( iS¢ he irked gene} Lr'se 
stagn e pseudo-clonus in the earlie 
t ve ris the sus} on of multiple sclei S 
vital I ( t le t mbinat n f the tw aiseases 
I nt ¢ f th ul vy, howevel ich a combina 
iennit luded na the se lor mal ears had been 
vel type of pai S tans After the publication 
ph on Lenticu Degeneration the case was again 
renewed interest, having in mind the possibility of a 
f th itfection wl had become stationary \gainst 


duration of the malady, the 


and athe toid move- 


! { the absence f choreiform 
othe ictive spasmodic manifestations of Wilson’s disease, 


f mental sym ms As involvement of the pyramidal 


pt 


ly excluded, 


definitely the clinical diagnosis of paralysis 


established \ 


histological examination of the central nervous 


juvenile type seemed to be cle arly 


ind 
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system was made in this case, which is, I believe, the first 


to be recorded in medical literature (see Chapter IV 


Case 2.—Clinical diagnosis: Paralysis agitans (juvenile type 
SHMINMAKU— Tre wo? and ri qi j thie para 

ning at the age of 13 years J 7 , aged 3: 
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period of her malady she suffered occasionally from headaches, but these had 
rarely recurred during the years of observation at the home. The headaches 
were unaccompanied by vomiting or vertiginous seizures 

Physical examination (August, 1912, at the age of 29): She is of medium 
s1Ze, well nourished and has a sood colout The facial expression is tixed and 
mask-like, but the eves were alert and express intelligence. Occasionally he 
face breaks into a sort of stiff smile, which comes quickly and fade 


slowly (figs. 4 and 5) 





The speech is slow, low pitched and monotonous and one has 
intently to understand. The pupils are equal and react pron ptly to 


accommodation ; the ocular excursions are normal in all dir 


lateral movements, and in a lesser degree the vertical, 
Tl 1S does not 


rhythmical tremors of the eyeballs 


object, but only during the movements of the eves ti 
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very early life, viz., the thirteenth year. There was no history of! 
any familial tendency to such an affection, nor were there manifeste 
any of those latent or prodromal symptoms which seem to hav 
preceded the disease in Case 1. It is, however, interesting to note the 
consanguinity of the parents, which is so frequently encountered i1 
‘ther system and degenerative affections of the central nervous systen 

The clinical picture consisted of a generalized tremor involving a 
four extremities, the face, eyes, eyelids and tongue, associated wit] 
progressive rigidity of the muscles. There was the typical gait an 
attitude, the mask-like expression of the face and a_ well-marked 
dysarthria and dysphagia, which came on comparatively early in th 
disease. ‘The tremor was rhythmical in character and was great! 
exaggerated by the first attempts at movement, but as the hand 
gradually reached its object the tremor movement lessened and 
eventually ceased. Then, as the arm was slowly withdrawn, the 
tremor returned with violence, gradually diminishing as the arn 
reached its original posture. 

In this patient, as in Case 1, the tremor tended to diminish as the 
rigidity increased both tremor and rigidity had the characteristi 
features of paralysis agitans. The tremor was rhythmical, usually fron 
four to six vibrations a second; if checked voluntarily in one part 
would reappear in another. The rhythm was synchronous in all of the 
parts atfected It ceased during sleep, and was always present in some 


t 


degree dur ng rest The tremor of the eveballs was [for a time re card ad 
as nystagmus, but subsequent and repeated observations demonstrated 
its relationship to the general tremor. ‘The intelligence and sensation 


of the patient were normal and the only symptoms were those of the 


progressive motor disturbance, viz.: paralysis, rigidity and tremor. An 


affection of the pyramidal tracts could be definitely excluded by th: 


absence of the usual accompaniments of the spastic paralysis 


Case 3 


; 


Sumomariy.—Onset, with tremor of the paraly s agitans type, at ti 
l 


age of F65, Gradual progression until all ou) ertremities we 

ahkected. Typical posture of the hands and ¢ } st inding and 
ye oe , a : 1 

wWalhUNG Parkinsonian facies with infrequency « l nhing reflea 


No muscular rigidity, but the ntour of muscle C minent. 


Histoi The patient was a man, aged 
by occupation. He was admitted to the Net 
f Dr. Bailey) on February 1, 1916, and gave t 


no known familial tendeney to tremor oOo) ithe 
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mM ons , ree } ites Che general posture, manner of holding the arms 
{ } inas, at 1 the expression ot the tace are very suggestive ol Parkinson's 
heat 2 
lisease (fig. 8 There is no well-defined Parkinsonian mask, but the face is 
1] , f m -s , 
stinetly lacking n mobility ol expression, rhe positions assumed by the 


quite typical. On walku t is 
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noticeable that he holds the right arm stiffly and to a lesser extent 
and the arms do not participate in the natural associated movements 
normally accompany this act. There is no demonstrable rigidity 
muscles. On making passive movements the so-called cog-wheel 


of the upper extremities is suggested, but is not characteristic of 


Fr ise 3.—Paralysis agitans without rigidity, beg 


disease While there is no hypertonicity of the muscles there is on the 
hand no evidence of hypotonia, and the bodies of the muscles stand out 


distinctly under the skin. There is no diminution in the gross mo 


The tendon retlexes of both the uppel and lower extremities are nor! 


equal on the two sides. The pupils are equal and react promptly to 


accommodation, The ‘cranial nerves are normal. The outlines of 
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This case is of interest because of the early age of onset (twenty 
th year), the history of an antecedent syphilitic infection and certain 
nical features of the disease, viz., the absence of rigidity 
Paralysis agitans beginning in the third decade of life is probably of 
the same type clinically and pathologically as the earlier juvenil 
es, e.g., Cases 1 and 2 Certainly in this patient there were no 
lences of senility or cardiovascular degeneration which would justify 
ssification with the senile group of this affection 
The possible relationship of syphilis in the etiology is interesting 
s merely speculative There were no general cerebral symptoms 
eceding the disease ; it began insidiously and progressed gradually as 
isual in paralysis agitans, and active antisyphilitic treatment had had 
effect in checking the course of the disease 
The tremor form of Parkinson’s disease is rare and is by no means 
common as the other incomplete type, namely, paralysis agitans 
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without tremor. The diagnosis was based on the paralysis agita 
type of the tremor: its occurrence during rest, diminution, or cessat! 
during an active movement, and the synchronous vibratory charact 
of the tremor, which had the same rhythm in all the extremities 


could be inhibited by the will, but reappeared in other parts of tl 


body during the act of inhibition. Other additional signs indicatir 


Parkinson’s disease were: the infrequent winking, the posture 
the hands, the expression of the face, the absence of associated m 
ments of the arms in walking It was thought that 

could be excluded because of the absence of an 

unilateral onset in the right upper extremity, 

and the Parkinsonian characteristics of the n 

progressive cerebellar tremor (dysynergia cerebella 

was also excluded because of the absence of 

on intention, as well as the absence of o 

such as dysmetria, dysynergia, intermittent 


which are associated with tl 
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associated movements of the upper extremities whic! 
act of walking 

The speech was low-pitehed and slightly monotonou 
evidently iffected 

The pupils were equal and reacted promptly to 
The sympathetic skin reflex wa ilso present 
The tendon retlexes of both nd lower ext 
normal intensity. The: yminal and cremasteric 
plantar reflexes were 
normal on both sides Vision Ww 
Was negative 


The heart sounds 


This is an example, like Case 3, of paralysis agitans beginning 
the early period of life. There was nothing in the appearance of tl 
patient, or in the physical examination, to Warrant the assumption of 
premature senility He was a perfectly healthy n 
for the tremor and rigidity of the left arm, which, 5 1e mask-lil 
expression of the face and the low monotonous voice, characterist 
of paralysis agitans. 


It is of interest to note that the awkwardness, stiffness and 


vosture of the left hand (i.e., the rigidity) antedated the onset 
] 


by two vears 


CHAPTER III THI 


The occurrence ol paralys sa 
been recognized for many ye 
discussion from time to tim 
rather disturbing elemen 
been regarded as a manifestation ol 
rather difficult to harmonize the theory 
its occurrence in the two extremes o 
amone those who have observed the 
and presenile types present no essent 
atology, but not a few observers, on purely 
doubted the identity of the underlying patholog 
eroups Of cases. So far as | am aware there 
record of any pathological investigation by m« 


juvenile type of the disease 
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ase, 
manifested 


syste 


Ih) 


and rhythmical Involvement of the evelids, face and 
been of frequent occurrence. In the early stage espec 
tremor has suggested the possibilit f multiple s 
when associated with exaggeration of the tendon refle 
and pseudo-clonus. his was s n my Case 1, wl 
regarded as closely related to multiple sclerosis, and 
that the cases of Joll 59) and Krause | 60) were of 
Case 3 of my serie when first bserved, was an 
paralysis agitans without rigidit 

The disease certainly presents a clos milarit 
features to multiple sclerosis and incerta f 3 
oculi, speech disturbance, pseudo-clonus and_ pseud 
awakened the suspicion of this disease, eit lone 
but the subsequent clinica uurse and the autops 
definitely any such conjectures 

The occurrence in the juvenile period of multi 
paralysis agitans in combinatiot fa “paralys 
multiple sclerosis, 1 would therefore view with nside¢ 
until there is produced some 1 e definite pat] 
contrar\ It is, however, well to emphasize the fa 
paralysis agitans, in the early stage, 1 te 
seminated sclerosis by reason of an excessive action 
disturbance, tremor oculi, pseudo-clonus and a spuriou 

Another interesting question is that of progress 


eration In this disease the average duration of tl 
chronic form was four vears n the Homén | 101 
seven years was noted Of late, there has been a 

cases of still longer duration as probable examples of 
notably in the case recorded by Sawyer LO4 In 
forms of Wilson’s disease, it would therefore be well 
progressive atrophy of the globus pallidus, as there 
in common between it and progressive lenticular de 
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he days of Parkinson, the pathology of paralysis agitans has 
a fascinating field for speculation and study. Every method 
histological research has at one time or another been brought to 
r upon this important question, with variable and uncertain results 
great disadvantage, encountered by previous observers, has been 
udvanced age of the subjects upon which pathological studies have 


erations, vascular and_ perivascula 


~ ive 101 ted obseured the histological picture 
Che case whi the subject of this study, because of the early age 
nset (fifteent] eal ind the omparatively early age of death 


eth year), was free from this disadvantage, and the pathological 


\n autopsy wa rformed on January 29, 1914, twenty hours afte 
by Dr. David Felberbaum, pat] sist to the Montefiore Hom: 


Lhe De 1\ » i¢ ite] emaciate 1. W th small decubit ovel the 
cks, rig] hould ind both heels Qn opening the thoracic and 
nal cavities, the pericardial s is found dry and free from 
ns. ‘The heart muscle is flabby and of a brownish colow The 
are nor! The aort ncluding the arch, the thoracic and 


minal port ns, show o1 Li vel slight deve lopme nt of atheromatous 


The lungs € lree Tron idhe Si S and both present ey dences ot 


lema In the ght lung, posteriorly and near the base, is a small 


The liver is somewhat diminished in size and congested, presenting 
listinct nutmeg appearance There are no surface nodulations, nor 
dences of cirrhotic changes on the surface of section 


The spleen is extremely small, measuring 35 1n. by 2 In Its 
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consistency is increased and the trabecule are thickened and increase: 
in number. 

The kidneys are both of normal size, somewhat congested, a 
present the normal markings of cortical and medullary structure Tl 
capsule strips readily, and there are no evidences of cirrhotic changes. 


The adrenals are normal. 


The thyroid gland is of normal size and appearance. 


lobe, posteriorly, there is a small cyst about the siz ol 
contains a dark fluid. 
The pancreas is normal. 
The gastro-intestinal tract and the genito-urinary 
abnormal changes 
The pituitary gland is of normal size and appearance 
Brain and spina 
surface of the 
contains a moderate 
not adherent and 
thickened ar 
hemorrhage 


normal to 


the spinal cord 1s norma 

The brain, spinal cord 
n 10 per cent. formalin s 
the corpus callosum was 
‘cortex and the interior 
discovered A transverse 
made above the level of the corpus call 
exposing the optic thalamus, lenticular nuc!l 
internal capsule. ‘The markings of this reg 
ind there was no evidence 


softening, or degeneration (fig 


Mic) 
Vyocardiu The muscle cell Ter und 

inother. ith t gh power these show marked blurri 

striations, the cytoplasm taking an almost homogeneous pink stain 

The nuclei stain well and there is extremely little brown pigment 

around them. ‘The striking alteration is the moderate diffuse increase in 


the interstitial connective tissue. The blood-vessels show considerabk 
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thickening of the intima. There are no definite areas of replacement 
fibrosis. About the blood-vessels there are grouped a number 
fat cells. 

Liver.—The lobulation is quite regular and the lobules are 
size. The capillaries, particularly near the centre, are slightly 
The liver cells are of good size, finely granular, with extreme! 
vacuoles anvwhere in the section. There is a slight but 
in the connective tissue about the peripheral vessels o 
which there is associated in places a numbe 
cells. There are rather numerous p lvmot 
the capillaries 

hyroid.—There is a striking incre: 
tissue, In places associated with a few 
show moderate thickening of the walls 
in general they are much smaller th 
completely collapsed Man 
material. 

Spleen.—The striking thing 
and thickness of the trabecula 
thickened. There is apparent 

vhian bodies are small 
The pulp contains numet 
appreciably thickened 

Pancreas.—The lobules are o 
separated from each other by fat, a part o 


the cells being filled with a homogeneou 


— 


Within the lobules are seen fairly nume2 


cell accumulations. The islands of Langerhans 
and size. The remainder of the parenchyma sl} 
In places, however, there are definite signs of 
This is true at the periphery of the lobules and 
the neighbourhood of the interstitial connective 
creased considerably in amount in many plac 
moderately thickened. 

Kidney.—The renal architecture shows a fairly regular arrangement 
The capsule is thickened. There are numerous small scars e} 
a short way into the cortex, and a few small cysts. There is, 
addition, a slight diffuse increase in the interstitial connective tissue. 
The blood-vessels are moderately thickened, the capillaries moderatel) 
engorged, and the tubular parenchyma moderately swollen. The lumina 








lled with homogeneous pink-staining material which in part is 

pa ntly, cellula debris 
[drenal The capsule is thickened: the zona glomerulosa n 
lefined as normally, and the trabecule are prominent ‘l 


vina shows no definite abnormality. 
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Veigert-Pal, Kulschitsky, heimatoxylin-eosin, van Geison, Sims 
ematoxylin, the Weigert and Cajal glia stains and toluidin blue. 
Spinal cord.—Sections were prepared from the cervical, dorsal and 
nibar regions of the cord. The ganglion cells were of normal appear- 
nce and staining reactions at all the levels examined. The large 


w cells of the anterior horns are well preserved, both in numbet 


; 


d configuration; the nuclei are normal in appearance and situation, 
id the Niss! bodies are sharply de fined and of normal tigroid appear- 
fig. 1] There is no excess of pigment in the anterior horn cells, 


{ the moderate amount of pigment which is present is of a light 


ow colou here is no increase of the glia cells, nor of the con- 
‘tive tissue the blood-vessels show in certain areas a moderate 
keninge of the media There is no evidence of vascular occlusion 
thrombosis, and no inflammatory foci or areas of round-cell infil 


ition are present in the neighbourhood of the blood-vessels. There 
no perivascular gliosis or sclerosis, and the spinal meninges are 
mal A stud of the Weigert-Pal sections reveals no evidence of 

tract degenerations and the anterior and posterior roots are both 


rmal ‘] ne py imidal tracts are tree from any ey dence Ss ol atroph 


Vedulla « ngata and pons The Weigert-Pal method reveals no 
dence of atrophy or degeneration of the medullated nerve-fibres in 
f the fibre systems of the medulla or pons (fig. 13). The pyramids 
resent a normal appearance, and there is no loss of fibres or increase 
the glia constituents. The olives and accessory olivary nuclei, the 
stiform bodies and the fillet are normal. The cells of the nucleus 


biguous and of the hypoglossal nucleus stained with toluidin blue 


e well preserved and of normal appearance They contain no excess 
pigment. The dorsal vagus nucleus is also well preserved ; its various 
groups are distinguishable and their number is not diminished 
lar of these cells are, however, deeply pigmented, ind some are 
ipletely infiltrated with dark brown pigment granules. ‘This portion 


he brain-stem is quite free from vascular lésions or inflammatory foc 


Cerebellun The vanglion c¢ lls of the ee rebellar cortex and of the 
ntate nucl ire perfectly normal in appearance and there is no 
nution in their number (fig. 14 There are no inflammatory foc! 
vascular | ns The fibre systems of the cerebellar peduncles ar 
ee from any evidences of atrophy or degeneration 


Crus.—There are no evidences in the Weigert-Pal specimens of 


generation of the pyramidal tracts or of the fibre systems of the 
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medullary capsule and intranuclear network of the 
itself is of good 


nucleus are apparently normal, and the nucleus 
The cells of the nucleus ruber are not diminished in number and 
nerative changes (fig. 15 The cells of the substantia 


n number and appearance 
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isa wala, ferna upsule and ) ip thalamic region As the 
scopic appearance f the surface of section through the basal 
vlla was nor! und quite free from gross evidences of degenera- 
liscoloration or softening; it was thought best t it e the 

n in such a way that specimens could be prepared 
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for tract studies by the Weigert-Pal method as well as for finer histo- 
logical studies by purely cellular methods. The region of the basa 
ganglia was therefore removed as a single block of tissue and sectioned 
horizontally in serial slices approximately 3 mm. thick. The topmost 
slice included the under-surface of the corpus callosum, and the lowest 
slice passed through the corpora mammullaria These were numbered 
from 1 to 8 and photographed (see fig. 10 The cut surfa 
showed no gross focal lesions, but the blood-vessels were injected 
stood out sharply from the rest of the tissue; especially is this 


of No. 7, which passes through the optic tracts Just 


of the anterior perforated space ‘rom thes series 


various levels was stained by the Weigert-Pal method, and sect 


from othe blocks were prepared fo. fine ! histol w1ca 


t 


with toluidin blue, hamatoxylin-eosin, Van Gieso 
toxylin. ‘The sections for cellular and finer histolo 
in paraffin, and were from & to 10 microns in thickn 
also stained for glia by the Weigert and Cajal methods 


The Finer Hist 

Lenticular nucleus. Th iod-vessels of 
he more basal sections, show some _ thickening 
adventitia, and in certain areas a well-marked enlargement 
vascular spaces. There 
of thrombosis in any of the sections. In 
of the globus pallidus, and more especially 
moderate accumulation of yellowish pigment an 
be found. This is, however, a rare finding, a 
EXCESSIVE The sections are quite free from 
inflammatory foc 

Globus pa lidus. In the elobus palli 
its inner segment, near the angle formed 


capsule, th re are numerous, highly refract 


elongated bodies, which take an intensely 

Some of these bodies are pe ar-sl ape 

quently in the immediate region numero 

bodies are evident, not much larger than 

corpora amylacea. ‘These have somewhat the appe 

deposits (corpora arenacea), and were not present to the same deg 

the putamen, the caudate nucleus, or in the peripheral region of thi 


globus pallidus 
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diminution 








s of this region 1s quite evident fies 16 and 17 Instead of the 
sual groupings of rather large motor cells with the tigroid arrange- 
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atrophic ol 
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twisted, 
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shrunken, the 
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> 


appearance. Some of the atrophied cells are uniformly hyalin and 


highly refractive. There are also empty spaces in the midst of atrophic 
cells from which the diseased cell had probably been removed. In many 
of the cells the nucleus cannot be differentiated, as the entire cell takes 
on a diffuse stain. When the nucleus is visible it is often diffusel) 
stained, shrunken or elongated, with roughened contour or displaced 


from the centre of the cell Some of the atrophic cells are surrounded 








by groups of parasite olia cells; occasionally these are contai d within 
Y | I 


the substance of the cell (neuronophagia 

Here and there, especially in the more peripheral portion of the 
globus pallidus near the putamen, small groups of comparatively 
normal looking cells are observed, with sharply defined contour and 
processes, a well-differentiated nucleus and nucleolus, and normal 
groupings of the Nissl granules. Such cells are in marked contrast 
to the large number of diseased cells showing various stages of chron 


atrophy 
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The cells and cell remnants of the globus pallidus are singularly 


ree from evidences of fatty or pigmentary degeneration; indeed, the 
pigment deposit is, if anything, less than that which is usually met 
with in this region 

Nucleus basalis.—In the infralenticular region beneath the globus 
pallidus the cells of the nucleus basalis of Meynert also appear diminished 


n number and some show evidences of chronic atrophy In this 


¥ 4 | 
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; +4 > s i 
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e 
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ae LS sect [t nor i bus } lus; toluidin blue 1,820 For comparis 


nucleus, however, a number of normal-looking cells of the globus 
pallidus type are still present, and the evidences of cellular wasting in 
this structure are not so advanced as in the globus pallidus proper, 
uthough atrophic changes are undoubtedly present. 

Under normal conditions the ganglion cells of the globus pallidus 


type, both sing 


ly and in groups, are to be found scattered among the 


fibres and the radiations of the ansa lenticularis as they traverse the 
nternal capsule. In my sections, these cells are not only diminished 
n number, but when present show atrophic changes. 

j 
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There are no evidences of acute cellular degeneration, e.g., powdered 
appearance of the granules, swelling of the cell body and dislocation of 
The cellular changes are purely those of chronic atrophy 


the nucleus. 
There are no fat granule 


without pigmentation or acute degeneration. 


cells. 





1G. 19.—Atroph 


autre phic cells 
This 


and 


The glia cells of the globus pallidus are increased in number. 
increase is distributed rather generally throughout this structure 
not infrequently a group of 


is nowhere massive nor in large clumps; 


three or four glia cells is found in the pericellular space of an atrophied 


cell, and small isolated groups of from five to ten cells are not uncommon 
There is no especial proliferation of the glia fibres in specimens stained 
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by the Weigert method. Cajal’s glia stain shows a number of spide1 
cells, fairly evenly distributed throughout the globus pallidus 
Putamen The small polygonal and stellate ganglion cells of the 
putamen, which constitute the chief cellular content of this region, are 
not diminished in number and show no evidence of atrophy. On the 
ther hand, the large multipolar cells of the globus pallidus type which 


rn D 


we normally scattered throughout the putamen, show very marked 


* 


«ELF 
. 


changes. These large cells of the putamen are greatly diminished 
n number and the few which are still preserved show evidences of 


utrophy (fig. 21 It is rather difficult to find any of these large 
1] 


unglion cells in this region, as their loss is so considerable, and 


when present they show marked evidences of chronic atrophy. Th 
atrophy and disappearance of these larger cells of the putamen were 
noted at all the levels examined and were very evident in sections 
from the upper level of the lenticular region before the appearance 


of the globus pallidus 
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There is also a general increase of the glia nuclei in this region 
small aggregations of from six to ten glia nuclei are not uncommon 
The Cajal method shows the presence of occasional sp der cells. The 


increase of glia cells, together with the large number of small ganglion 


Fic. 21 Progressive atrophy t 
toluidin blue. 384. Note the increase of glia nuclei and alm: 


large globus pallidus cells. The small ganglion cells are not reduced in number 


cells which is peculiar to this region, give to the putamen a very 


cellular appearance, in spite of the loss of the larger ganglion cells of 


the globus pallidus type (fig. 22). 


Caudate nucleus.—Cellular changes, similar to those found in the 
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— 


putamen, are also present in the caudate nucleus. The large ganglion 
ells of the globus pallidus type are in this region also considerably 


liminished in number, and those remaining show various stages of 





hronic atrophy (figs. 28 and 24 They were shrunken and atrophic, 
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FI yy Puta t lidin blue 1,820 Showing increase I anu ind 


ften opaque, the entire cell staining intensely blue with haematoxylin, 
vithout differentiation of the various constituents of the cell. In other 
ells, the nucleus was diffusely stained and the cell processes shrunken 
x broken off. The numerous, small, polygonal ganglion cells which 


iormally predominate in this region were undiminished in number and 





24,—Se 


parison, sl 
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ere not atrophi 1 There was also a moderate nerease of the glia 
clei, but less than was noted in the putamen 
Comparative é ints if ti rpu sftriatun While the diminu 
n in number of the large cells of the globus pallidus, putamen and 
uudate nucleus was quite evident in the various sections examined, in 
der to obtain a more exact idea of the d sree of cell loss a number of 
mparative cell counts were made. The control specimens utilized for 
Ss purpose wet btained from the brain of a young adult who had 
een electrocuted and whose brain had been removed immediately afte 
ith and preserved in formalin, so that the control tissue was in all 
espects normal Sections were cut at the same levels as were those 
the case of juve e paralysis agitans, and were stained by the sam 
stological methods. The cell counts were made with both the high 
nd low power of the microscope, and considerable reduction of th 
unber of globus pallidus cells was constantly present in all of the 
ithological specimen The degree of cell loss varied somewhat in 
different regions of the corpus striatun In the globus pallidus 
iverage reduction varied from one-sixth to one-quarte in the 


uutamen one-half to three-quarters ; and in the caudate nucleus about 
ne-half to two-thirds as compared with the ceil counts of normal 
pecimens. 

There was, therefore, a considerable reduction in the number of the 
urge ganglion cells of the corpus striatum (globus pallidus type) in all 
ts segments, viz., the globus pallidus, the putamen, and the caudate 


sucleus. The diminution in the number of cells of the globus pallidus 


type was very striking, both in the neostriatum (caudate and putamen 
nd in the paleostriatum (globus pallidus), and was especially marked 
the putamen 

[ would again emphasize the fact that those cells which persisted 

ere by no means normal in appearance, but were in various stages of 
hronic cellular atrophy Normal cells of the globus pallidus type were 
‘casionally met with. They were, however, few in number, and 
erved by contrast to emphasize the chronic atrophic changes in the 
neighbouring cells. Their presence would also tend to show that the 
ition and staining of the tissue in this region was satisfactory. 

Optic thalamus.—The cell groupings of the optic thalami, the 
nucleus anterius, nucleus externus, nucleus medialis, nucleus internus 
nd the pulvinar, are well preserved and apparently normal. There are 

) evidences of cell loss or atrophy and no increase of glia nuclei. The 


lood-vessels are free from thrombosis or endarteritis, and no intlam- 
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matory foci are noted; as in the lenticular region and elsewhe 
throughout the brain, some thickening of the media and adventitia 


present, but the lumen ol the vessel was now he re occluded 


Corpus subthalamicum The ganglion cells of the corpus Lu 


are of normal appearance and are not diminished in number (fig. 25 
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Nuele us ruoer, The cells of the red nucleus, both the smaller and 
larger types of ganglion cells, are of normal appearance and undiminish« 
in number. 

Cortex cerebri.—Blocks of tissue were removed from the right and 


left frontal region, the anterior and posterior Rolandic areas on bot} 
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PROGRESSIVI 


recti, as well as the angular gyrus, the 


s, the right and left gyri 
pital and the temporal convolutions These were stained with 
iidin blue, hematoxylin-eosin, Van Gieson, Sim’s hematoxylin and 


No noteworthy pathological changes 


l¢ 


the Weigert-Pal methods. 


ere found in the cerebral cortex 

The meninges are normal and the blood-vessels, save for a moderate 

present no abnormalities. There are no 
degeneration, 


ind no areas of 


The cyto-architectural appearance of the cortical layers is well pre 
of cellular atrophy or degeneration. 
in the deepe! 


rved and there is no evidence 


ccasionally, isolated, atrophic 


cells are observed 
ramidal layers of the cortex, but these are exceptional and infrequent 


here 1s no excess ol pigment deposit in the cells of the cortex 
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Of special Importance is the state of preser\ ition of the Bet 


in the precentral gyrus. These show no reduction in number, they 


ol pigment 
Weigert-|! 


of normal size and appearance, and contain no excess 


In sections of the cerebral cortex stained by the 
ind the cortical radiat 


method, the tangential layer of fine fibres 


show no material change or diminution 


stain.) 


Serial sect 


The tracts and fibre systems of the basal ganglia 


and stained 


y y 


were prepared from various levels of the basal ganglia 


the method of Weigert-Pal (see figs. 26, 27, 28, 29 and 30 


In these sections there are no evidences of sclerosis, cavity format 


' 


or other gross destructive lesion of the basal ganglia Furthermo) 


the various constituents of the corpus striatum, viz., the caudate nuck 


the putamen and globus pallidus, are normal in size and configurat 
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body of the putamen appeared as if slightly reduced in size. This 


however, 


slight and could not be determined with certainty 


th the anterior and posterior segments of the internal capsule are 


nal in appearance, as are also the retrolenticular segment and the 


culus temporo pontinus Tiirck's bundle) 


butions 





systen f the lenticular nucleus, viz., the radiating fibre 


und inner medullary layers, show the usual markings and 


Both the external and internal medullary laminw of the 


pallidus are fairly well developed and their supplementary lamina 


lso present, and while there seems to be a slight general reduction 


e numbei 


distributed, would be very difficult t 


d by the 


of fibres in the globus pallidus, this could not be dete: 


tainty by this method Such a diminution, if slight and 


» determine in specimens 
Weigert method 
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The small, pencil-like groupings of medullary fibres which trave: 
the caudate nucleus and the putamen, radiating towards and throug 
the globus pallidus, are well developed, and show no diminution in s 
or number. 

] 


The external capsule, the claustrum and the various medullary lave: 


of the optic thalamus are normal and well developed 


+ 


Of especial interest and importance in ‘ase of this characte) 
the striothalamic and hypothalamic radiations The striothalamic rad 


tions are apparently undiminished in number and no distinct evidences 


of atrophy could be determined by this method. The hypothalam 


radiations, on the other hand, present slight but definite signs of atrop! 
There is a distinct thinning of the fibres and fasciculi of Forel’s lenticu 
bundle (H.), the strio-Luysian radiations and of the ansz lenticular 


] 
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| peduncularis. The layer of fibres between the globus pallidus and 

internal capsule (stratum capsulo-lenticulare) also shows a reduction 
size. Many of the fibres of the ansal system, as they cross the 
sterior segment of the internal capsule and the crus cerebri, are thin 


} 


{ poorly developed, and while there is nowhere a total loss of the 


hypothalamic radiations, a general thinning of the ansal system is 





The corpus Luysii is not materially reduced in siz Its ventral and 
rsal capsule of medullated nerve fibres is less voluminous than usual, 
d the fibres of the intraganglionic network also appear somewhat 
luced in numbe1 

Forel’s commissure which traverses the hypothalamic region between 
» two Luysian bodies is present, and so far as could be determined was 


{ atrophic 
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Kividences of Meynert’s commissure are also present in my spe 
mens, but whether the fibres of this commissure had suffered a 
diminution in number could not be determined with certaint 

The tegmental region, the capsule and medullary network 
nucleus ruber and Forel’s thalamic bundle (H,), normal 
ind appearance 

Other structures—e.g., the 
fillet, the fasciculus retroflexus 


normal 


liver str 
thy rol 
T 


also ¢ vide! 
globus pallidus in the 
particularly emphasiz 
are normally present among the 
caudate nucleus and putamen were 
and in various stages of chronic atrop! 

The cellular atrophy in this case was therefore confined 
type of cell, viz., that of the globus pallidus It was apparent 
globus pallidus proper, also in the nucleus basalis of Meynert and 


especially marked in the caudate nucleus and putamen (the neostriatun 


I therefore look upon the globus pallidus cells of the corpus striatur 


as a well-defined anatomical and physiological system, the pallida 
system or the globus pallidus mechanism, and would regard th 
essential motor or projection system the striate body 

There was a moderate increase of the glia cells of the globus pallidu 


and also of the putamen and the caudate nucleus. ‘There was howeve! 
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This ] reg ird as a repla ement manifes 


| t 


hy of the motor neurones of the globus 
l-vessels of the corpus striatum showed in 
derate thickening, but no occlusions and no evidences 
St : scu perivascular disturbance In the globus pallidus 
eous bodi f concent for! which were 


nner segment. These have 1 


especial 
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CHAPTER V.—PROGRESS ATROPHY OF THE GLOBUS PALLIDI 


On account of the obscurity surrounding the true nature of paralys 





agitans, any classification of its various types has been a purely clinic 
one, the inevitable result of our meagre knowledge of its underlvir 
cause and pathology. 

We are in the same position toward this type of paralysis 
be the case with the spastic paralyses if the course and function of tl 
pyramidal tracts were unknown 

An exact knowledge of the orig 
pyramidal tracts has permitted no 
logical subdivision, the latter being > mi Important « 
purposes of classifying diseas« If paralysis agitans could 
to a similar method of pathological differentiation it 
following a precedent which has been recognized in th 
every organic affection 


t 


With this end in view | would suggest a separation of 
ind early adult forms of paralysis agitans from the larger syn 
the basis of the pathological alterations in the motor neurones 
globus pallidus system 

For this affection Ll would propose the name, progress 
the globu pallidus, as best expressing the nature, 
localization of the abiotrophic process. The term “ gl pallidus 
as used here refers to the elobus pallidus mechanism, and includes 


the cells of the pallidal type in the corpus striatum, namely, those 


the putamen, caudate, nucleus, and the globus pallidus proper. Primary 


atrophy of the pallidal system is equally descriptive, and may be found 
preferable as a designation for this type of atrophy 

Further pathological investigation will be necessary in order 
show how frequentl\ these sam pathological changes are met witl 
when the disease begins in the later period of life. I suspect, however 
that in the late forms of the disease, semile degenerations, vascular and 
perivascular lesions will play the more important rol 

Definition —The progressive atrophy of the globus pallidus m 
therefore be defined as a system disease which is clinically of the 
“paralysis agitans type,’ and pathologically is associated with atrophy 
of the motor cells of the globus pallidus mechanism. It is a pure 
system disease, an abiotruphy, in the sense in which this term was 
used by Gowers, and is characterized b} a progressive degenerative 


atrophy limited to a definite system of neurones. In this respect it 
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sclerosis and the progressive muscular atrophy, 


the vulnerability of the motor neuron The 


s sometimes hereditary (Gunthet 


anda, | ke othe 


insidiously 


some 


ntent 
velmment 1} 


iF und 


The 

There isthe) 

wness of movement, the lack 
ind posture so well described by 


ssentiall 


ited vements 


Oress Cope what ll 


ore rapidly than the late forms 


tans, and involvement of the bulbar muscles may occur compara- 


n the disease. In the last stage there is almost total 


entire voluntary muscular system. 


is no pathological exaggeration of the tendon or periosteal 
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reflexes; the abdominal reflexes are preserved until such time 


abdominal walls are rigid that thev are no longer abl 


the plantar reflex 


MUS Babinsk 
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n resemblance to the progre ssive tent 
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disorder with paralysis, rigidity and 
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lly those of Kinnier Wilson. I will emphasize 


graphs especially 


wts, anatomical, pathological, and 


L 


certain f: clinical, upon which 
two fundamental syndromes of the corpus 


if t/ globus pia di ind dle 


| 


ul capsule 
I 

“audatus 

externa 


tT} 


nucleu 


while dese) 
and |] si 


highe ! 


post 
mechanisn 
The neostriatum, on the other hand, | 


reptiles, and is especially well developed in bit 


While the older anatomical divisions w 


their vogue, it is well to emphasize the 


or 


between the globus pallidus, or paleostriatum, and thi 


and putamen, or neostriatum 
Not only is the globus pallidus much older phyleti« 
In the srowth of the human foetus tl 


bap 
alli 


its ontogenetic development 
efferent fibre system develops before that of the neostriatum, and tl 


early myelinization of the efferent globus pallidus fibres of the 


lenticularis is a conspicuous anatomical feature of the foetal brain 
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Closely related to the globus pallidus in man is the nucleus basalis 


Veynert. This is an aggregation of ganglion cells in the region of 
e ansa peduncularis, situated between the optic tract and the anterion 
missure, beneath the globus pallidus It is in all probability a 
rivative of the globus pallidus, and is composed of medium-sized 
Ss, nan I which contain piginent vranules luike the olobus 
lidus, this nucleus is prime val, and bot} n its ph logeny and 
togen 1e\ betore the neostriatun 
he mot ~ I the icleus basalis and e large el { the 
striatum I rec Ss pnys OF ill related nd as part ol the motor 
tem « t olol vallidus mechanisn Ihe motor ce of the 
bus pallidus mi nism do not, therefor represent a sharply 
ted ganglion, but ar lely distributed throughout the entire 
pus striatum \ most numerous in tl globus pallidus 
per, but are a ind in inconsiderable numbers among the small 
ingllon cells I tl caudate nucieus and the putame! The are als 
sent in the ganglion | e of Meynert beneath the globus pallidu 
numb mong the fibres the ansa radiation 
( / Cor) Striat Veostriatun na 
Pa striatus 
Lne ndpoint I pat oat phys L mui reate! 
nortan S ttached to the cellular types of this region than 
the mere ¢ inatomical appearance and subdiy ns 
e glol dus contains agvregations of fusiform, pvramidal 
rge multipolar cells, which are histologically of the motor ty pe 
1ddition to a characteristic arrangement of the Nissl granules, many 
t cells ! leposit of yellow pigment, and in many ways their 
pearan suggests the large pyramidal cells in the motor area of the 
ebral cortex, or the multipolar cells of the anterior horns of thi 
nal ¢ 1. These cells are scattered throughout the globus pallidus 
wring often in groups and chains, and while varying somewhat in 
conform essentially to a motor-cell typ 


In contrast, the caudate nucleus and putamen are composed of two 
parate and distinct types of cells. The more numerous are the smal] 
pyramidal stellate or polygonal cells which give the characteristic his 
tological picture of the neostriatum. Scattered among these smaller cells, 
iowever, are cells ol large) size These are larve multipolar cells, con- 


taining Niss! granules and often a deposit of yellow pigment granules 
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They resemble the large cells of the globus pallidus, and I regard them a 
. oo] D ] t 


identical not only in structure, but also in function. 

This fundamental division of cell types in the corpus striatum ha 
not escaped the notice of other observers According to ¢ 
the globus pallidus is an isomorphous ganglion, i.e 
cell type; while the neostriatum is allomorphous and compe 
distinct cell types. Starr 21), long since, recognized tw 
cells in the corpus striatum: a large rectangular ty 
leneth and 10 to 15 micron In width, and a much 
triangular or stellate forn 

The large ganglion cells 
cvlinde processes ind col respon i 
while the smaller ganglion 
cylind ! process S which 
the globus pallidus 
cells course 
The small gang 
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ansa radiations, ansa lenticularis and ansa peduncularis. This syster 
contains both efferent and afferent fibres; those which are efferent 
arise in the motor cells of the globus pallidus mechanism. The ans 
system passes to the anterior and lateral portion of the thalamus an 
to the hypothalamic region. ‘The exact termination of the efferer 
fibres has not been definitely determined; but some pass to the corp 
subthalamicum, the nucleus ruber, and some probably to the substant 


+ 


nigra. Below this level no de venerations are traced after lenticul 


lesions, so that the efferent ansa system is composed of short projecti 
fibres which connect the corpus striatum with subsidiary centres in t 
hypothalamus and midbrain 


The connections of the corpi atun Our knowledg« f tl 


various systems which enter into the formation of the corpus striatum 


still very defective Some important advances have been n 
direction in recent years, and the experimental 
Wilson are especially deserving of mention. 

The tibre systems of the corpus striatun 
in character, and serve to unite this struct 
and the nuclei of the hypothalamic region. There ar 
connections between the corpus striatum and the cerebral cor 
fibres pass from the striatum to the internal capsule 


, 


in the caudate nucleus and the putamen terminate in the globus pallidus 
and according to Probst | 17) and Griinstein | 7 w fibres travet 


the internal capsule to terminate in the thalamus and hypothalan 


region. In Wilson’s experiment on monkeys, in which small electrolyt 
lesions were placed in the caudate nucleus and the putamen, with tl 
stereotaxic instrument of Clarke and Horsley, the fine pencils of degenera- 
tion all terminated in the globus pallidus. No degenerations could | 


traced to the optic thalamus, the internal capsule, or to the cerebral 


cortex 
In similar experimental lesions of the globus pallidus, Wilson trace 


the secondary degenerations of the ansa fibres. These he divides int 


two groups, viz., those having a more transverse direction and of rather 
coarser texture which pass to and terminate in the ventral and lateral 
surface of the thalamus and the nucleus ruber; and those of finer quality 
and radial distribution which terminate in the corpus Luysii, nucleus 
ruber and the substantia nigra. 

In man, therefore, the small cells of the caudate nucleus and putamen 
with their short axones terminate in the globus pallidus, a few perhaps 


crossing the internal capsule to the thalamus. The large cells of the 
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bus pallidus, with their longer axones, terminate in relation to 
portant nucle n the thalamic and hypothalamic regions, viz., the 
leus ruber, corpus Luysii and the substantia nigra 
There are in addition to these striofugal fibres also striopetal fibres 
! n the ansa from the thalamus, and I would repeat again the 
lence is in fa ir of there being no direct connection with the cerebral 
r with the pyramidal tracts So what information we possess 
he present time in regard to the fibre connections of the corpus 


im shows the close relationship of this structure to the thalamu 


I 
the hypoth mus and its freedom from direct cortical connectio! 
The results f modern anatomica nvestigations may theretore be 
rizea ewhat a follows The corpus st atuh S posed ol 
c dus (] striatum) and the caudate nucleus 
puta n neost tun ‘These tw structures ditter histol er de illy and 


The paleostriatum contains cells of a motor type witl 


Oo I - tel nate elat n to nuclk of the thalamic 
striofug fibre The neostriatu s con 
1 ia il ng ells with short ay linde wl } 
nate in t olol pallidu his is a short internuncial svsten 
ot I t nd the paleostriatun There are also found 
1 through the neostnatum large) unvlion cells which resemble 


structure the ce { globus pallidus type These I regard, together 


, 
more bas iwerevation of motor cells (nucleus basalis of Mevnert 
} tott é rel lobus pallidu ysten 
| 
, 
I t tul is no direct connection with the cort« or tl rtice 
pil syste fugal ar triopeta ten fibre niting it with 
1 
7 halamu } halar rec ! 


The corpu triatum may, therefore, be regarded as an important 


e, in the same sense as the optic thalamus is a 


Before the development of the corticospinal motor system, it was 

f my tant entre for the control and regulation of movements 
With the development of the pyramidal tracts it lost some of its early 
portance, but, like the optic thalamus in the domain of sensation 

st plavs in the realm of motion an important 1 le in the control 


d movements 














ORIGINAT ARTICLES AND CLINICAL CASES 


CHAPTER VII.—THE Corpus StriatuM 
CONSIDERATIONS 


oR many years the corpus striatum, the optic thalamus and the 
regio hypothalamica have been regarded as having important relations 


to such involuntary movements as chorea, athetosis and tremor of 


; 


Parkinsonian type. ‘There has been, however, no uniformit: 


localization of lesions and their relation to these svimpt 


ms 
infrequently a lesion has been found and the sympton 
have been present, was absent l'on 
resembling paralysis agitans has fi 
thalamus, as have also choreiform disturbances 
chorea, athetosis and the Parkinsonian syndro1 
with lesions of the corpus striatum, and very 
demonstrated n Lriou tructures 
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sharply localized to any one structure. They are present in the opti 
thalamus as well as in the corpus striatum, and occasionally in the reg 
hypothalamica. Lewy, in particular, emphasizes the senile characte) 
of the histological changes 

Huntington's chorea.—Since Jelgersma’s brief allusion to atroph 
changes in the head of the caudate nucleus in Huntington's chorea, the 
have been a number of notable contributions bearing upon this quest 
viz., those of Alzheimer, Nleist, Marie and L’Hermitte and Dunlap 

Alzheimer | 23) ina pathological study of three cases of Huntington 
chorea found, in addition to cortical changes, advanced degenerat 
in the cells of both the caudate and lenticular nuclei; marked d 


in the number of ganglion cells, with a correspondi 


vlia nuclei, without the formation of glia fibres. He 


presence of lipoid material in the ganglion cells and g] 
vessel walls. K.vidences of cell deve neration were also 
subthalamica and to @ lesser degree in the nuclei of the 
the pons and the medulla 

Alzheimer | 23) also carried out pathological 
acute chorea of rheumatic and septic origin, and suce 
strating the presence of embolic foci, which were especial 
the corpus striatum and the regio subthalamica 

Kleist |38| and Kiesselbach | 37!, in a case of Huntineton 
of fifteen years duration, found widespread atrophic and deg 
changes. The caudate nucleus and the putamen were atropl 
reduction in the number of ganglion cells to one-quarte1 
of the normal. The glia cells were considerably increased 
Pathological changes were also noted in the optic thalamus, th 
pallidus, nucleus ruber and corpus subthalamicum. The frontal 
lutions were atrophic as well 

A very thorough study of the pathological changes in chronic pri 
gressive chorea has been recently contributed by Marie and L’ Hermitte 

10|, under the title of “* La dégénération atrophique cortico-stric« 

Four cases of this disease were studied by modern histological methods 
and the chief lesions noted were of the cerebral cortex, more especially 
of the frontal and Rolandic regions, and of the caudate nucleus and 
putamen. While the globus pallidus was reduced in size, there were 
no evidences of degeneration or atrophy of the striothalamic fibres o1 
ansa lenticularis. In certain of the cases degenerations were also 
noticed in the cerebellum and optic thalamus. They regard the affection 


as a form of chronic encephalitis resulting from chronic intoxication, 
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would refer the intelligence defect of chronic chorea to the cortical 
nges and the choretforn manifestations fo the alterations 7) the 


is Striatun 
Dunlap,’ in a large series of cases, in addition to other changes, has 
nd uniformly an atrophy of the caudate nucleus and putamen, with 
eneration and marked reduction in the number of ganglion cells and 

nerease of the olia nucle 

here an n lore be little question as to the constancy of 
n the corpus striatum in cases of Huntington's 
unced atrophy and diminution in the number of 
caudate nucleus and the putamen (the neostriatum 
The corpus striatum is the seat of pathological changes 
paralysis agitans and Huntington's chorea, but also to a 
in that rare affection known as idiopathic athetosis 
Anton |24), as early as 1895, reported the 
in a boy with progressive bilateral athetosis, who 
the age of 19. The outer segment (putamen) of the lenticular 
us on both sides was the seat of extensive atrophy and degenera- 
White medullated markings were noted traversing the atrophic 


1 which was limited to the posterior of the putamen. The 


late nucleus was not involved Anton reached the conclusion that 
rea stands in relation to the grey matter of the putamen, and that 
‘orpus striatum has an important co-ordinating and inhibitory 


ct on the central nervous system. 

The pathology of athétose doubli has also been very thoroughly 

lied by Madame Cécile Vogt | 46 In four cases of this disease, 
were carefully studied by the method of serial sections, the lesion 

; found limited to the caudate nucleus and the outer semoment of the 


cular nucleus (putamen) There was an extensive destruction of 


nerve cells of these structures, desi ribed as a dystre phy of the 


lion cells A curious feature of the lesion was the presence of a 
k network of medullated nerve fibres, traversing the atrophic areas 
the caudate nucleus and the putamen, producing a marmorated 
iwrance, Which suggested the term ¢ftat marbré. 

'his network of medullated nerve fibres she believes is produced by 
transmutation of non-myelinated nerve fibres into medullated fibres 
resembles the so-called plaques fibro-myéliniques, which are not 

frequently encountered in the cerebral cortex 
orted at a meeting of the Section on Nervous and Mental Dis 
f Medicine, March 14, 
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All other portions of the central nervous system were normal, ar 


it is especially noted that the internal capsule was free from atropl 


or degeneration. The internal capsule gave the appearance of hype 
trophy in some of the specimens, but this was merely the effect o 
atrophy of the caudate nucleus and the putamen. The globus pallid 
was somewhat atrophied in its dorsal portion; the ansa 


} 


however, was not particularly attected, and no secondar) 
were traceable to the optic thalamus 
On the basis of these clinical and anaton 
Vogt reached certain important conclusions 
corpus striatu She believes that 
regulating and inhibit 
seat of a destructiy 


inhibitory function 


Was ¢ 
condition was 


occurret 


1 
tne 


chorea otf Gowe 


stands midwa\ 
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Progressive lenticular degeneration.—TVhe most important and funda- 

ntal contribution to the symptomatology and pathology of the corpus 

itum is that of Kinnier Wilson | 106), the progressive lenticulat 

eneration 

he disease described by Wilson is characterized by symmetrical 

eral degeneration of the lenticular nucleus, chiefly of the putamen, 
the globus pallidus. The caudate nucleus is often atrophic, but 


er in the same degree The fibres of the internal capsule are intact 


the thalamus is normal, save for the loss of striothalamic fibres and 
ning of the lamina medullaris externa 

degeneration varies in different cases from a 

of the nucleus lentiformis to marked atrophy 

‘ted nucleus In extreme cases thers Ss 

veneration and cavity formation. Microscopically, there is 


enerative changes, but without 


ked proliferation of the glia with d 


eg 
D 


ences of vascular occlusions or inflammatory lesions 
These degenerat changes in the corpus striatum are always 
‘iated with a lobular cirrhosis of the liver. 
lhe essential symptomatology of this group of cases is characterized 
progressive igidity and tremor of the paralysis agitans type, 
tendency to tonic or clonic spasms In some of the 
tendency to spontaneous movement of a choreiform 
was observed This latter peculiarity of the pro- 
ition I would part cularly emphasi e, and is 
ginally applied to the disease by so skilful a 
rs 99, viz., the tetanoid chorea 
oluntary spasm and athethoid movements is in 
truly Parkinsonian features of the disease, 


n the chapte on the Syndromes 


Vill 


In the chapter on the anatomy of the corpus striatum special 

was laid on the early appearance of this structure in the 

irse of phylogenetic development, resembling in this respect the optic 

ilamus, with which it is intimately associated by both afferent and 
ierent association systems. 


In the lower forms of life before the development of the cerebral 
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cortex, When the pallium is represented by a 
brane, the optic thalamus and corpus striatum 
and regulating centres. ‘Together the 

motor mechanism for the reception « 

lation of motor activities. 

These structures are concerned witl 
sensation and motion than is the cerebral 
functions still persist and are of considerable 
shown by the etfects of injury or disease 

In the lower forms of fishes 
runner of the globus pall 
the larve-cell nucleus of 
conspicuous ganglionic structure 
these lower forms, this nucleus 
efferent tract, known as the basal forebrair 
Biindel of I:dinger |6)), which unites tl 
cell groupings in the ‘tween and mid 

The homologue of this system 
paleostriatum and neostriatum) and 
radiations \ structure of this charact« 
animal series, and is so persistent, must s 
in the central nervous system of man 


changes in the pallidal system of juvenil 


inportant light on the functions of 


Anton, a number of vears 
chorea and athetosis to lesions of the 
nucleus (putamen) and reached thi 
plays an important role in the regulat 
nervous system. ‘The basal ganglia 
organ possessing important co-ordinating 
iscribed to the corpus striatum a predon 
function and to the thalamus a sensory or atfe 
sized the close connection of these tw 
tracts 

Subsequently, in 1911 and 1912, Madame 
pathological study of the same group of cases 
somewhat similar conclusions and formulated 
striatum which had as its characteristic 
spastic diplegia and dysarthria. Madame 
inhibitory function of the corpus striatum 


disturbances of chorea and athetosis 
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ms of Anton and Vogt in relation 

Is ObV ous ‘he vere dea!- 

of definite symptomatology, 
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utamen n other words, the neo- 
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but a small portion of the putamen as well. The choreo-athetosis in 
certain cases of the thalamic syndrome may have this origin; in others, 
the lesions of the lateral nucleus of the thalamus or of the afferent 
portion of the striothalamic radiations may secondarily induce thes: 
symptoms through their connections with the cells of the neostriatum 
When the superior cerebellar peduncles are involved che 
be produced in a similar manner through the direct conne 
the optic thalamus (cerebello-rubro-thalamic fibres 
mechanism may also explain chorea after cortical lesio 
irritation taking place through the corticothalamic fib 
In any event, we must recognize the neostriatum as an essentia 
factor in the control and regulation of movements, and when th 
de stroyed there result the phe nomena of chorea or athetosis, and 
still an open question as to just what role the « , cerebellum 
thalamus play in the production of this particular group of sympton 


The most important contribution to the symptomatology of 


corpus striatum is that of Wilson, founded on the progressive lenticu 
degeneration. This group of cases presented the symptomatolo 
paralysis agitans, 1.e., rigidity and tremor, with the addition, | 
of clonic and tonic spasms, a tendency which is 
symptomatology of Parkinson's disease. There wa 

to clonic and tonic spasms, but in certain of 

development of athetoid movements, as in 


has only to recall the original title of Gowers’s ear! 


disease, the ‘‘tetanoid chorea,’ to realize the occasional prominencs 


the involuntary spasmodic tendency in this grou, 

So here again there occur chorea, athetosis and mobile spasms in 
lesion limited to the corpus striatum. In this group of 
the lesion is not limited to the neostriatum, but invol 
globus pallidus. There is, therefore, a mixed symp ’ 
paralysis agitans, plus an involuntary spasmodic or choreiform ten 
dency This is produced by a mixed lesion of the corpus striatum 
which involves both its cortex, the neostriatum, and its motor centr 
the globus pallidus. 

The essential symptomatology of the corp 
fore, of chorea, athetosis, mobile spasm, 1 
paralysis agitans type 

I shall now endeavour to explain and reconcile these various 
symptoms and syndromes on the basis of my investigations of the 


globus pallidus system 





PROGRESSIVI ATROPHY OF THE GLOBUS PALLIDUS 


CHAPTER IX THE SYNDROME OF THE GLOBUS PALLIDUS 


In juvenile paralysis agitans the essential lesion is an atrophy and 
lisappearance of the large motor cells of the efferent pallidal system 
iffection I would therefore regard as a pure system disease, 
primary lateral sclerosis, and as such an ideal lesion from 

‘tion of the functions of the globus pallidus. 

character, vascular, inflammatory, or neoplastic, 

uld naturall nvolve other systems, thus complicating the clinical 


ture and causing confusion. This objection is of course eliminated in 


was limited to the large motor cells 

was present in the globus pallidus, the basal 

ert and especially the neostriatum (caudate nucleus and 
lar character which are normally present in small 

i radiations were also atrophic. This motor 

is pall dus is therefore not sharply circumscribed, 

itum and the sublenticular region, an 


xplanation of the varied symptomat- 


| system produces the pure 


rigidity and tremor 


be regarded 


, 
ort, the 


tant contributions 
notably those of 
show concl isively 
affection is of central 


icity ol spastic paralysis 


One important distinction is to 


hypertonus The tonicity of spastic 
f peripheral or reflex stimuli, 

ve central character. 

after section of the posterior roots 


of paralysis agitans is not 


f the motor disturbance itself. 


of movement, which in part is due 











to 


ments, together with ‘rave disturbance of the association mechanism 







This loss of the association of movement is show nh a vari 
rr NH 


One has only to recall the stitf posture of the arms in walking to realize 





ways n rising 






that the association mechanism is rave iflected ( ontrast the still 






motionless arms of Parkinson's disease with the }¢ , ass ited move 
nents of the paralysed arm in the he plegic, and it is apparent th 





in one the mechanism | the association of moy ent is intact and in the 





other it is lost or seriously affected. Observe a patient of pai sis tans 







ising from a chair, with every indication of an ext na ye 
making no ittempt use the arms Suc] ! tounding lack ot « 
operation on the part I the upper extre t would | ! lifficu 






to explain save as a grave disorder of the me nism f € ass 





of movements 






















If a case of advanced paralvsis agitans is vide pushed ove t 
equilibrium is lost, but without the us compensatory efforts on thi 


part of the automatit and association motor mechan his is 


marked contrast to the falling of elmiples whos ssociatior 
mechanism 1s intact 

A patient with paralysis agitans is therefore dependent upon 
cortical motor mechanisi n performing acts wh norn 
largely under the contr f an important it ut nd ass ut 
centre in the corpus striatun The ss of this mechanism explai 
the dithculty in initiating movements, the Ns] ; inert nd t 
peculiar disturbances of the association of 1 vernent habitu an 
more or less automatic icts It alse iit iS n eX] nat I the 


peculiar prop ilsion disturbances of gait, viz., a in wit] oid f tl 


muscles attempting to walk under the guidance cortical a 

cerebellar mechanism, Without the safecu rd I the pus striatul 
which normally regulates such acts That this not produced b 
weakness and hypertonicity of the muscles shown by the absen 
of a propulsive tendency in ordinary spas paralys Here, the au 

matic and association mechanism being intact, the difticult 1 walk 
is one of weakness and hypertonicity 

Spastic paralysis may therefore be regarded as a defect 


pyramidal tract svstem with loss of coértical 1novements, and paralys 


ag tans as a de fect of the olobus paraus lie chan Shi Wit! Ss . Oe 
control of automatic and associated movements he slowness | 


movement, the inertia, and the deficienc f motor initiative in th 
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il radiat s I") rt pin 
het motor neurone tf the bral 
dus tem witl nportant centres 
regio notably the nucleus rube 
Through these t corpus striatum 
the descend ” tra s of the extra 
us unit Ul segcinental ne} us 
ts is shown conclusively by the 
20 Munk |15) and Rothman 
ussatiol nd extirpation of th 
{ v¢ <ness e extremittle l 
rvation, bot! f these higher moto: 
n ne or innibit nfluenc 
I sit I ry centre 1s dest ed 
ncont ed, and there results the 
the lity of para S agitans 
n type is on the characte 
the giot Ss } 11a mechanisn 
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he various nic phenomena 
( ses I } sisacitans wi rul 
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far as can be determined, does not vary in character or degree from those 
cases which are associated with tremo The occurrence of typical 
tremor is also rarely observed without a trace of rigidity (tremor type of 
paralysis agitans), all of which speaks rather against the theory of the 
dependence of tremor upon the degree of muscle tonus 

I would therefore suggest the possibility of an inh 
centre in the hypothalamic region which is under the ec 
globus pallidus mechanism, and when this is diseased the centre 
released from control and the tremor disturbance results. In this wa 
one could explain satisfactorily those cases of paralys S agitans with 
rigidity or tremor alone. 

In any event our know 
slight, and it is not without interest 


its relation to the globus pallidus mechanisn 


CHAPTER X THI YNDROME OF THE NE 


According to the morphologists, the neostriatum (caudate 
and putamen) makes its first appearance in reptiles and then 
increases in size as the animal scale is ascended. In bird 
has already reached a very considerable size. 
pallidus as a sort of cap or cortex, and is very rich 
These are of two types: a small-cell type and a large-c 
smaller cells are polygonal or triangular in form, and these predomina 
the larger cells resemble in their histological characteristics the glol 
pallidus cell type and are scattered in small numbers through bot] 
caudate nucleus and putamen. 


In discussing the progressive atrophy of the globus pallidus emphasis 


was placed upon the atrophy and disappearance 1e large-cell type of 


the neostriatum as part of the pathology of th: 
now speak of the probable function of these 
neostriatum. 

If one reviews the pathological findings in the more recent studies 
of Huntington’s chorea, it will be noted that atrophy of the caudate 
nucleus and putamen is a conspicuous feature. ‘These structures show 
a considerable reduction in size, with widespread atrophy of the ganglion 
cells and a corresponding increase of the glia nuclei. In addition t 
these changes in the neostriatum atrophic changes are also present in 
the cerebral cortex, especially in the frontal and Rolandic areas. The 


two chief symptoms of the hereditary chorea, viz., the progressive 
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dementia and chorea, are in all probability dependent upon these patho- 


} 


ogical alterations—the mental impairment due to the cortical changes 


g 
ind the motor disturbances to the degeneration of the neostriatum 


T+ 


It is of course possible that chorea and choreiform disturbances may 


ve dependent, in part at least, upon the cortical degenerations in this 
disease. There s, however, so much pathological evidence indicating 
the close relationship of the neostriatum to choreiform manifestations 
that one can hardly deny this relationship in Huntington’s chorea, 
where the atrophy of the neostriatum is so marked a pathological 
As the lesion of juvenile paralysis agitans is limited to the large-cell 
ystem of the c rpus striatum, It seemed to me of interest to study the 
rpus striatum of Huntington's chorea from this point of view 
Through the courtesy of Dr. Dunlap, of the New York Psychiatric 
Institute, | was enabled to study sections of the corpus striatum from 
ve of his large series of cases of Huntington’s chorea. In all of these 
} ses the large cells of the globus pallidus type throughout the corpus 
striatum were well preserved amid the wholesale loss and destruction of 
anglion cells of the neostriatum. There was a very 
nsiderable reduction in the size of the entire corpus striatum, with 


atrophy of the short internuncial fibres of the caudate and putamen, 


vhich terminate in the globus pallidus ; but especially remarkable was 
ne widespre id ati phy ol the small sangli n cells of the neostriatum. 
(he other striking feature of the histological picture was the preservation 
f the large cells of the globus pallidus type in both the lenticular and 
i1udate nucle Preservation of the large cells of the globus pallidus 
pe n the ec rpus striatum f Hunt ngton’s chorea was also noted by 
\1eSs¢ bacl 7 
| ] 


[ would therefore suggest the relationship of the smaller type of 
nglion cells of the neostriatum to the symptom-chorea, and when 


} 


this cellular mechanism is destroyed there result the motor phenomena 


This small-cell type of the neostriatum I would regard as subserving 

rtical function to the neostriatum, acting in an inhibitory and 

rdinating capacity to the globus pallidus mechanism, with which it 
s in close association through the short internuncial system which 
nites the neostriatum to the paleostriatum. 

\s I conceive the corpus striatum, it is composed of two separaté 
nd distinct cellular systems; a pallidal or large-cell type which has a 
motor function, and a neostriatal or small-cell type which is inhibitory 
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or co-ordinating. Both of these cellular types may be the seat of sel 


+ 


C- 


tive or systeni deg nerations. Atrophy of the motor system produce 


paralysis agitans; atrophy of the inhibitory and co-ordinating syste 


produces choreiform movements of the Huntington type 
motor centre, the homologue ot the motor cells of the Rh 
the other is a controlling and association mechanisn 
of the other cellular lavers of the cerebral corte \s 
striatum has no direct connections with the cerebral rt 
systems of cells must be controlled thr ugn the medium 
thalamus, with which it is closely associated by the affe 
strio-thalamic and strio-hypothalamic radiations 

Through these connections the corpus striatum w 
mpressions from the general sensory system, the cerebell 
cerebral cortex (corticothalamic fibres), all of which would 
for the proper control and regulation of an automatic and 
motor mechanism 

This conception of the functions of the corpus striat 
variance with the other syndromes which have been asc 
region Indeed, it may be said to reconcile them. Th 


the corpus striatum, enunciated by Madame Vogt in 1911 


of a destructive lesio1 if the neostriatum, in the if 
characterized by choreic and athetoid movements, spas 
without pyramidal tract involvement) and dysarth 

In this syndrome both types of cells in the neostriatun 
nhibitory and the large motor, are the seat of a destructive 
ecordingly there is rigidity plus chorea h would } 
ithetoid 2 velmments and mobile spasins so characte I 
| the words, I sl} d regard the athetosis this g 
simply as a choreiform tendency plus a moderate degree 
which would ensue fro nvolvement of the ve globus 


\Mlost observers regard chorea and athetosis as closely related, the o 


passing by gradual transition into the other, so that no sh 


demarcat Nn ‘an be arawn betwee! then sucn terms 


ithetosis seem to show the difficulties encountered by m 


n the description of these types of involuntary movem 


from involvement of both inhibitory and motor cells of the n 


should throw some light on this question. l.ewandowsky\ 
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In the lower forms of 


tracts and the 


ORIGINAL 





cerebral 


mechanism, and through 


hypothalamic region controls and directs the activitie 


motor system. 


sented 


primary somatic motor 


life . 
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cortex, 


fasciculus 
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by the nucleus basalis, the 
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this mechanism 


spinal c 
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bundle, 


before the appearance of the pyramida 
is the 
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moto. 
of the 


of the primitiv 


Ss repre 


und t] f 


In man, this motor mechanism still persists and subserves important 


functions in the 


movements. Like the 


control 


and 


other 


regulation of 


lower 


the control of the cerebral cortex, 


functions, and when dest: 


motor function. 


itself in various way 


involvement of the two essential fibre syst 


When the large 


results the paralysis 


If the small inhibi 


attected, there is ch 
nvolvement of thesé 
by Madame 


The nervous syst 


— 


possibility of three fundamental 


This 


s, depending 


Vogt and 


al 


(1) A spastic paralysis 


the central motor née 


2) An atrophic paralysis of peripheral 


the pe ripheral moto 


3) A paralysis acital 


motor neurones of the 


All three 
normal motility It 


there 1s pre served a 


associated movement, 


tonicity of the muscul: 


system alone, there 


cortical origin which 


paralysis agitans. 


ystems of the corpus striatul 
cells of the pallidal systen re stroved tl 
agitans syndrome. 
tory and co-ordinating cells of the neosti im al 
rea of the Huntington type | massive 
two systems produce s the ndromes tormuilate 
Kinnier Wilson 
em of man may therefore be said resent t 
tvpes of pals 
it corticospin rig [1 struc I 
urones ; 
on rom ¢ t! n 
neurones; and 
S ( pallidal origin fro1 nvolvement [ 
ie globus pallidus me unis 
systems are essential 1 the pi per I n | 
there is loss of the py1 lal tract S ilone 
considerable degre f powel utomat ind 
which, however, is sadly limited the hype. 
lature. If there is loss of the globus pallidus 
S present a ci nsiderable degree movement I 
n its turn is limited by the hypertonicity of 
loss of the peripheral motor system, the final 
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ntimately associated with the muscle fibre, muscle tonus, and the 


us reflex activities of the spinal mechanism The globus pallidus 


en appears very low in the animal scale and is to be regarded as the 
) rdinating and regulating mechanism of the peripheral system of 
wones, presiding over the automatic and associated movements of 
ese lower forms of animal life (“* Gemeinscha/ts-Bewegungen ”). Witl 


idvent of the pyramidal tract system in the higher forms there 


ppears a finer d rentiation of motion which is the power of isolated 
nergic movements - rte Bewegqunge In man, thes 
? 4 ] ] + 
rious motor tunctions are t i large extent interdependent, and 
lestruction of any one impairs the function of those remaining 
} | | , "| rl 
In this wav only 1 be explained the severe disturbance: 
tility result fro. f eithe ( the higher motor centre 
t | pallida 
’ 
' ‘ 
( \ I ( SIONS 
\s result of tl clinica pathological study the followin 
lusions are suggested 
( i [he ven for} f paralysis agitans is a pure systen 
| 
j e < il te 1 | L progressive iti yphy ot the efferent moto! 
nes of the b pallidus mechanisn This affection may be 
tinguished f1 th tvp [ paraivsis agitans as progressive 
Joft j pa s,or) wyati phy ft pa fal susten 
It is a bilat | organic disease of the central nervous system begin 


ind associated movements 


paralysis of certain automat 
Some cases of paralysis agitans beginning in later life probably als 
e] ng t this patholog cal by pe ind are susceptible of ditterentiation 
from the senile, arteriosclerotic and other pathological forms of this 
_ 


The paralysis agitans group, properly speaking, is a syndrome, having 


more or less common symptomatology as spastic paralysis, but 


cluding a variety of distinct pathological conditions, e.g., system 
legeneration (abiotrophy), senile degeneration and atrophy, vascular 
ind perivascular lesions, toxic degenerations, tumours, lues, inflam- 
mations, Xc 


Pathological—The pathological changes in progressive atrophy of 
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the globus pallidus consist of atrophy and diminution in number of th« 
motor cells of the globus pallidus mechanism, 1.e., of the globus pallidus 
proper, the eanglion basale ol Mevne rt ind especially the ce IIs ors milar 
type scattered through the caudate nucleus and the putamen (neo- 
striatum). These evidences of cellular atrophy are especially well marked 
in the large cells of the neostriatum In addition to the atrophy and 
disappearance of ganglion cells there is a corresponding increase 
the glia nuclei and a thinning of the fibres of the ansa system—stri 
hypothalamic radiations. The small ganghon cells of the neostriatun 
are intact and the pyramidal tracts show no signs of atrophy or degen- 
eration. The cells of the nucleus ruber, corpus Luysii and substant 
nigra are normal, so that the pathological changes represent a primary 
system degeneration limited to the efferent motor neurones of thé 
globus pallidus mechanism 

In Huntington’s chorea the cells of globus pallidus type are pre 
served, both in the globus pallidus (paleostriatum) and in the caudate 
nucleus and putamen (neostriatum), where there is widespread degenera- 
tion of the smaller ganglion cells 

The smaller ganglion cells of the neostriatum imay therefore be 
regarded as co-ordinating and inhibitory in character, and when destroyed 
the phenomena ol chorea result 

Physiological.—The corpus striatum 1s the great infracortical centre 
for the control and regulation of automatic and associated movements 
It is composed of two cellula systelus, viz., the small inglion cells 
the caudate nucleus and putamen (neostriatal) and the large motor ce! 
ff the globus pallidus mechanism (pallidal The function of the ne 
striatal cells is inhibitory and co-ordinating ; that of the pallidal cells is 
motor. 

Loss of the small-cell nhibitory system is followed bv chorea: loss 
of the large-cell motor system b the pa ilysis witans syndri me, 
viz., rigidity, tremor, and disturbances of automatic and associated 
movements 


A destructive lesion involving both types of cells in the caudate 
l 


nucleus and putamen (the ¢fat marbr¢) produces the | mndro? of 
the corpus striatum, viz., spastic diplegia with athetosis, rhythmic oscil- 


lations and pseudobulbar palsy \ massive lesion of the whole corpus 
striatum as in progressive lenticular degeneration produces the JJ 

syndrome, viz., tremor and rigidity of the paralysis agitans type, 
together with tonic and clonic spasms and occasionally choreic and 


athetoid movements (Gowers's tetanoid chorea 
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The Vogt svndrome and Wilson’s syndrome _ therefor represent 
fferent degrees of involvement of these two cellular systems. The 


currence of muscular rigidity, rhythmical tremor, chorea, athetosis, 


ic, clonic and mobile spasms will depend upon the distribution and 


<tent of the lesion in the corpus striatum and the relative degree of 


lvement of these two cellular systems 
Athetosis, therefore, 1s simply a combination of chorea and rigidity 
simultaneous destruction of the smaller (inhibitor ind large 
tor) cell types of the neostriatum 
The globus pallidus mechanism is the motor nucleus of the striate body 
nd through its connections with important centres in the hypothalamu 


sion—viz., the nucleus ruber, corpus subthalamicum and substantia 


gra—exercises a controlling influence upon the segmental nervous 
tem through the medium of the extra-pyramidal motor tract lhe 


: pus striatum has also close relations with the cerebral cortex, the 


ebellum, and the peripheral sensory mechanism, through its con- 


‘tions with the great sensory correlating station, the optic thalamus 
The cells of the globus pallidus type, therefore, occupy the same 
sition in the extra-pyramidal motor system as do the motor cells 
the cerebra rte in the corticospinal system; the globus pallidus 


echanism controlling automatic and associated movements, whereas the 
oher cortical centres are concerned with isolated synergic movements 

Both of these mechanisms, in ldition to the function of moto. 
inervation, have also a controlling or inhibitory effect upon muscl 
nus, so that a destructive lesion of either has as a result paralysis of a 
pecial type plus an increase of muscular tonus. A lesion of the 
} ramidal tract system s followed by the phenomena ¢ I spastic 


} iralvsis r iesion ot the } illidal system by the phe nomena ol paralys - 


Three fundamental types of motor palsy may therefore be recog 


1) A spastic paralysis of cortical ein—from involvement of th 
rst or central motor neurones 
(2) A paralysis agitans of pallidal origin—from involvement of the 


tor neurones of the globus pallidus mechanism 


3) An atrophic paralysis of peripheral origin—from involvement of 


i 


he second or peripheral motor neurones. 


| wish to express my indebtedness to Dr. JoSeph Fraenkel for the 


irl clinical history ol Case 1, and to Dr. Pearce Baile for the 
. 
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privilege of observing Case 3 in his wards at the New York New 
logical Institute. 

I am under especial obligation to Dr. Charles B. Dunlap, Chi 
Associate in Neuropathology at the New York Psychiatric Institute, for 5 
extending to me the courtesy of the laboratory, and supervising th« 
preparation of the microscopic specimens of the central nervous systen 


[ am also indebted to Dr. Dunlap for normal sections of the corp 


striatum, for sections of the corpus striatum from cases of Hunting 
chorea, pellagra, and pseudo-sclerosis, and for many valu ible suggestion 
5 
in the elucidation of the pathological problems presented. The exc 
photomicrographs were made by Mr, J. F. Halupka, of the Psychiat: 
Institute 
To Dr. David Felberbaum and Dr. B.S. Kline, Pathologists to the 
Montefiore Hospital, my thanks are due for the autopsy recor 
pathological examinations of the glands and viscera ; 
' 
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